> INTEGRAL
4 X ANALYTICS

Distributed Marginal Prices (DMPS) update#6
Tom Osterhus, PhD (CEntegral AnalyticshndMichael Ozog, PhD (VP

Increasingly, regulatorgustomerand third partiearepushing for more innovation within the electric

utility industry. Utilities have been slow to move much beyond small pilots, and these piloted programs
tend to focus on one or two aspects of the opportusity OR, voltage behavioralbased customer
ergagement). None of these pilots jointly addresses the cost savings accruing across all of the avoided
costcategories thagxist in the varied and diverse silos of utility value (e.g., supply, ancillary services,
bank deferral, line loss mitigation, KVA8upport, voltage impacts, custorsgrecific avoided costs).

The realization of the need for this joint consideration of both grid and supply, and the need for

distribution level clearing prices to spark efficient innovation, has begsrenfor some tine (e.g., see

Caramanis, March 2012, IEEE Smart Godmorer e cent posts on)Bufa ansactive
comprehensive modeling and valuation proéessill missing. Nothing exists, quite yetAnd so, the

guestions continue:

AHow do we get more I nmWhveart e oins wti hdati neft hiici eptacgr?ioc
AiHow do | know when t Rbe wuftlisl iitty rdeeaalt,h asnpdi rhaolw bweigliln ¢
Awil |l Californiabs recent puasagsprdadtoallmfdhk?ed gr anul ar ef

fi H ooanwe integrate gridside costs and suppbide costs into a single framew@rk

We address these questions direbtdye. Our work over the past few years tsgpecificallyfocused on
uncovering, and quantifying, tiieh i dden ¢ o st s.0Thewurpdsd im arriveha@aspectfia | i t vy
price signal of the type shown beldy customer and locatig.g., voltage, power factor, circuit

capacity deferral, longun LMP or Locational Marginal Priceand others)Thiswork has required

much moreggranular levebf customer forecastingndoptimizatiors. But the detailed granularity is

exactly what is required fointly value bothgrid-side and supplgideopportunites, simultaneougl

IS  Distributed Marginal Prices (DMP)
Local DMP Prices (4pm)

Transactive Price Signal from IDROP

(Circuit 11XX, Western US Utility)
$/IMWH

50,59 - g2zl
523,62 - $37.63
0 $37.64 - $51.65
145166 - $65.67
[CI4es.68 - $79.69
[C1479.70 - $93.71
[1493.72 - $107.73
W $107.74 - $121.75
W $121.76 - $135.77
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In essence, these DMPs aré mp | shadbwhpeiceSinatural product oformal optimizatiormodeling,
analogous to derivations of LMPBom our IDROP software These shadow pricégRE that efficient

price signaljust like LMPs are shadow prices for the transmission networke, Me&call themthe

ADi stri butedd Marr gi.lnkhd abdve niag, ediew DMPs fora4pmexample for

one circuit in the WestRed areas denote higher DMPs and blue areas are lower priced locations. We
review the details of how this is de in the following pages, but first we discuss a bit about the concept
of the DMP and some of the industlganging implications that are inevitable, if DMPs are widely
adopted.

The true strength of this approach is that it simultaneously and jointlgs/ahth supphkgide (KW)

avoided costs and grglde costs (KVAR, voltage, power factor) at the same time. It forces collaboration
within the utility across silos. It reveals a single price signal per house, per customer, for third parties to
see with ceainty, which will spark considerabinnovation, and do so at exactly the right PLACE, the

right TIME, and right AMOUNT. Weare not only including thshort term, more operational value and
benefits, but we also incorporate the longer term benefig ity deferral for T&D commodity cost to

serve, future LMPs) such thagsourcesvith higher fixed costs can participate. This stands in contrast to
the current status quo which tends to favor either the grid or the supply, to the exclusion ofrthe othe

What We Cover

We start with an overview @ight, or so, key strategic implications of how DMPs cadvance the

industry, and bring regulatonstilities and third party innovators jointly to the table. The goal: an

efficient grid at least costSeconde lay out our process and methods which can be used to obtain the
required granular, locational avoided costs (in cahti@current averaged avoided cosfB)ird, a seies

of critigues to DMPtype approaches are provided which we expect will arise from various pdrtiss.

helps frame how DMPs might be used, or abudexbt, we offesomebrief thoughts on regulatory

policy. We try to remain agnostic on policy, focusing primarily on the math and the methods. But, given
some risks we see with ratasing and decoupling, we recommend that shared savings type earnings
mechanisms be promoted Bgulators to encourage utility participation.

This white paper provides significant detail and insights into the work we have done over the past years
toward the measuremenit more granular avoided costs. Even if DMPs never become an actual-market
traded price, the methods and models describedshere regulators and utilities how to more

intelligently calculate the avoided costs that lie at the heart of our work. Alaweedonénereis

fisharpen our penciswith respect to the measurement and calculation of avoided ddstsStates have

a mandate to provide reliable service at the least cost. To know if one has the least cost, you must
measure csts. In the past, average avoided costs were fine. But with the advance of PV, storage and
other distributed resources, weapw required to apply locational avoided costs at a much more
granular level. Our DMP methodology is nothing more than thadentifies the marginal contribution

of a KW, and now a KVAR, to each customdihat isthe Distributed Marginal CofDMC). Wecall it

a DMP, even though it is the same as the DMi@)ply to remain consistent with the indugsry

conceptual understanding of LMPgou dorit need a ISO or DSOpr a market traded DMP, to achieve
grid efficiency or spark third party innovation. Simply use the methods described hecell @ral

DMC. The calculations are the same. The only differdiesewith how you choose tca it.
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IMPLICATIONS

There are several key implications of how the use of DMPs will change the industry. Some of these will
be almost immediate, and others will take more time.

First, and most importantly, DMPs provide a transparent and efficient psigingl that reflects the true

costs to the utility. Currently, most of these costs are hidden from third parties. Indeed, many of the costs
are actually hidden from the utility themselves, at least at the marginal level. Only averadpasadff

pricing has mattered to utilities to date, so there has never really been any motivation to uncover what
these marginal costs were. The changing mix of resources below the bus, however, mandates that this
type of local marginal cost analysis be done. Andéaiing the DMP, we have a common metric on

which to more accurately value which micro grid resources matter, and where.

Second, the DMP opens up a transparent price signal to third party innovation. Google, EnerNOC and
ot her 6s appar atities likely steamis, ingartj frem nothavindp this type of clear
transparency of costs. Once established, DMPs are likely to spark significant innovation in exactly the
right places. Vendors will know what the payoffs will be for their KVAR injectimadtage support, DR,
solar and many other resources. They will be able to take financial risks with their higher fixed cost
assets and programs, and plan accordingly. Whether or not utilities partisipataown, nor is it

known ff their activity will be regulated or neregulated. But in all cases, significant innovation is
inevitable, sparked by a simple DMP. Expect Samsung, Apple, Microsoft, Honeywell, Comcast, and a
host of others to now begin integrating their existingisep/with utility services. The DMP opens up
access to just about anyone to participate, yet still ensures a DSO focus on reliability.

Third, we jointly value both grigide and commaoditgide costs in a mathematically integrated fashion,

not too dissimiar from current LMP derivations. As such, DMPs should offer a commonly understood
metric for utilities, regulators and third parties. Contrast this to the current state where we find many pilot
activities across the country, each myopically focused strojoe or two of the several cost silos or value
buckets. Voltage control pilots. DR pilots. Behavioral programs. Audits. Distribution automation. The
list goes on. Few, if any, consider the impacts of their efforts on the other utility silos. |ABME

resolves this myopia in a fairly elegant and accurate way. In this sense, DMPs are the killer app.

Fourt h, DMPs may al so be the start of the wutility
If all innovation now comes from tid parties, and those third parties then begin to hedge their supply
through power contracts, or physical iron in the

company. With perhaps 70% of utility margin accruing to supply side activityntiyrréhe financial

impacts to utilities could be very significant. Of course, utilities can opt to participate viaguated

affiliates. Or perhaps regulators will mandate that some percentage of the resources be housed within the
regulated utility. Thi s tact may be necessary where regul ator
Here, just as Enron and otkevithheld supply years ago, to artificially spike prices, so too can demand

side third parties artificially preool homes, heat waten@run pumps, to spike demand and loads,

|l eading to high prices. Then, the third parties
credits when prices are high. The home is alreadgpreo | ed, so t he customer won:¢
financial impact will be significant. We have calculated that a large enough third party can game this

system with as little as 10% of the load under its control. The only utility hedge is to have load under its

direct control, to mitigate the gaming. ngily, we may see regulators adopt a new perspective on utility
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investment in these seemingly nmgulatedtype activities. In reality, the DMP framework shows us that

these micro grid resources and [Qdistributed generatiopyvhich tout the KW benefitgan have

positive benefits to the grid, voltage, KVAR and
i nvestments could easily fal/l under a regul ator és
assets directly, instead of just third pastiéAnd given the potential for third party gaming, this type of

blended approach to regulating the new paradigm has some merit.

Fifth, DMPs will lead to additional job security for regulators and policy analysts. Many and varied
policy discussions wilbe had, State by State, regarding how many and how much should be included
within the DMP price signal. Is it only short term focused? How many of the longer term cost buckets
should be considered? How does the DMP impact specific customer segmdrmge@dAjuestions.

Sixth, the DMPs will clearly motivate development of micro level resources. This makes the job of the
distribution planners much more difficult. The newly created DSOs will have their hands full managing

the process, protecting thedyrand still desiring to create efficiency across their circuits. Hosting fees

for solar customers that seJénerate 99% of the time, but still want that option to get grid service in a

pinch, and other examples will change the way that utility pricddariffs get structured. We are likely

to see more and more KW centric tariffs vs. KWH, as more and more of these innovations push customers
toward selfgeneration. We will also see regulatory discussions around individual settlement shapes and
individual customer tariff pricing options (unique $/KW or $/KWH vs. TOU pricing). We are likely to

see third parties create sophisticated hedging services, even flat bill options where the third party accepts
the risks and cust oWesexpgda inckeased attemtion taxdgulation within i s zer o.
states that have resisted this path in the past. And we can probably expect a rapid adoption of new
resources that, i n the paéo®nceuniacked, theDMPsnakdse r ed A out
trans@rent the hidden utility costs and, almost by definition, suggests more and varied micro resources lie

in our future. The most valuable job in the utility may soon be the Distribution Planner.

Seventh, DMPs will force changes in how regulators aitileg approach IRP planning and cost
effectiveness valuations, especially for micro grid resources like solar, EE, DR, etc. In the past, these
evaluations rarely took KVAR, voltage or power factor considerations into account. The focus was almost
solelyon KW/KWH reductions. Now, we have a DMP valuation platform on which we can assess both
the KW/KWH contributions simultaneously with the KVAR/voltage/power factor benefits. Moreover,

the reduced latencies of the cost effectiveness and IRP analysesog#isarily migrate from hourly level

to sub5 minute valuations. And as the time latency decreases, the covariance between loads and prices
tendsto rapidly increase. This requires a much more robust and comprehensive set of valuation tools than
are usd today. We have found that our 5 minute level valuations for resources such as thermal ceramic
heating bricks (for wind firming), physical battery dispatching and water heater frequency following yield
2X to 5X higher valuations when analyzed at thisibute latency. In practice, our current IRP models

will not go away. Rather, they will be supplemented by a series of DIRPs, or Distribution IRPs per
substation. We already have optimization systems that value power flows within the networked set of
buses substation to substation. What is missing is the granular valuation below the bus (DMPs). Both
matter. And DMPs do not replace the need for system wide IRP planning. But the operation of DSOs,
and the increased efficiency and innovation sparkedM®will almost certainly inform the system

wide IRP plan, for the better.
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Eighth, the DMP signals can also be provided for
forecasts that can be used for investors to judge the cost effectiveness otthegeg Such DMP

forecasts can be used to value the payback threshold for, say, EV charging during the day or thermal ice
storage during high solar gain periods, to mitiga
analysisis made transpar¢ and easily observed, such that inves
mitigated to the point where investment decisions can be made to resolve coming changes in system or
circuit loadshapes that simply shift peaks to new hours (early eveningeraoaft). Without some type

of transparent pricing signal, these innovations will be slow in coming. As well, wind intermittency, solar
intermittency and other issues resolved by local ancillary service type resources benefit from knowing the
value of the resource at a 1 to 5 minute latency level. And as these resources lower the load volatility,

the updated DMPs will reflect the diminishing returns, as more and more of these resources are added.

So, there is a natural valuation process which serv@sit@ver-spending on any circuit or area, too.

Finally, it is likely that we will see some utilities embrace the notion of DMPs and others will resist it.

But what is knowable is that, for a utility to know whether to embrace or resist, they stifidied to beef

up their analytics, by customer, and conduct the necessary financial analysis to know what to do. This
can only be identified by using some, if not all, of the types of very granular forecasting, optimization and
valuation approaches det@d later in this paper. DMPs are a single metric of value, but within DMP
calcul ations | i e aliddenedue Omhce utiliids endoerie an the roosetdstadleda n d
financial valuations, they will see unique opportunities for margin,otin the regulated and the-de

regulated side. And the key to utility survival is in knowing where future margin exists. In fact, the
utilities are best positioned to know these future margins, before regulators or third parties receive the
transparent DMRignals. Utilities are the source of the data. So, one can surmise that a reasonable

l eading indicator of a utiilnivteya@sassmedss to whetheroroc k  pr i
not the utility is actively using the DM§pe granulamethals which inform the DMPIf they are not, it

is extremely unlikely that they will know what future margin strategies to pursue and which to resist.

Of course, there are more implications that we have yet to uncover, and we welcome your opinion and
insights in this regard. Our purpose here is simply to lay out a future vision that is not only conceptually
grounded, but technically and practically implementable, today. Yes, the solution described here does

rely heavily on our own software. But tlasftware was designed, in the first place, to create the DMP

(they are the | DROP shadow prices) and we knew we
within the utility silos for | DROP&6s otfevyeans,zat i on
we have proven out this capabilithe feasibilityand theneedfor more granular cost analysis and

optimization.

We see théncreasd attention to these issugsNY and CA, particularly.Other States will follow suit.
EuropeandAustraliaappear to be moving in this direction, as welihd with Google and others working
fervently in this space, solutions need to oapuickly. Yes, our agenda is to sell softwaratwe also
care about grid reliability and fear Enrstyle demand gaming. So, we feel the need to openly share
methods and thoug# to speed progress toward a reliable grid at leastWlestlo holdsomepatens in

this spacebutare happy to consider limddree use of these gparkinnovation, since we all will

benefit We do favor a codbased approachithin our optimizations as our pateaqpprovas lie with the
use of thee directutility avoidedcosts versus simply responding to the familiar, zooalocalLMP. It
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is exactly these utility avoetttheytbrmehe backbondoh at curr e
regulatory costo-serve mandates, and which must be included in any tygistabuted avoided cost
approat. Thesearethekey to unlockingheinnovationwe seek

The Process

We are all familiar with LMPs Current ISOs provide a zoevel LMP for an areshatis based on the
weighted average of the local blesel marginal costsOne cartall this afimacra LMP applied toall
customers served by thabstation or transformer bank is a straightforwardstepto simply pull the

local buslevel LMP, and apply its value to all customers (perKWasis) within than local substation

area. No one would argue this is infeasible, though soooédvalk (briefly) at the potential for
discriminatory pricing policies. Nevertheless, this local LMP is the cost to serve that area, on average,
and suppogaccurate codio-serveregulatorypolicies.

We separate these policy considerations from the current discussion, favoring the advancement of the
technicalconceptuadiscussion But no question, at the end of this discussion, several important policy
issuedecomeobvious. We simply ask that you suspend these objections for the time being, and see
what is possible, and even practical, first.

Our IDROP softwareperforms similatypes offorecasting and optimization analytics assé used by
thelSOsin their LMP calculation process, bthe big difference is thdDROP doesthis at a much more
granular level (by customeeven by end ujdor all customerserved by substatioand all circuit
sections below the bu$h e snacrodLMPs can bemore desriptively called a DMP, or Distributed
Marginal Price.

DMP price signavalue, simultaneously, both grid (KVAR) and supply (KW). Here, we directly value
KVA and power factor, and piit/oltage/kvad andAiKWH/KW 6 on a level playing field, valued by a
single, local DMP pricegby customer siteln some cases, KVAR improvement may constitute the bulk of
the DMP value.In other locations, it might be more KW centric. In most cases, it is a blend of both, and
any KW reduction will also have voltage and moactor benefits. The DMP price can be split into its
KW vs. KVAR components for use in targeting either gride or supphside resources, but the key

point is the DMP puts both on the same playing field to compete for resources @atibnattention.
Moreover, the DMP can simply be added to the LMP per bushism@OTAL price signal therevealed

to third parties tarive investment planning and allocation of resourddss creates the very type of
efficient price signaling that third pes seek (e.g., Google, ComCast, Samsung,NED€y solar/wind
providers many others Moreover, it focuses the right type of attention (KVAR vs. KW) at the right
location, which benefits the DSO (Distribution System Operafbie concept of a DSO edtlishes a

new role for the distribution function of utilities. While the associated policy concerns are outside the
scope of this paper, discussion can now certainly begmeone will need to take responsibility for
balancing reliability needs withéhdesire for innovation and advancement in custdowrsed Smart

Grid solutions.
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The Method

Letds step back a minute and identify the Avalue
categorization of the value opportunities across bgtplgtside and grieside sectors. Our DMP jointly

integrates both, placing both on equal footing (in terms of dollars saved DMP is the pice for the

next increment of KW/KVAR at the houger customer). Weancalculatethe DMP price down to the

ed use, as wel |l , bdantridview td Start8osne examplesanclude thet falawmg:

JLEEE®  Distributed Marginal Prices (DMP)

Grid Side Supply Side
Voltage Current hour LMP

Line Losses Ancillary Services
Short Y/AVR Plant Following
Term Power Factor Wind/ Cloud Firming

DMP Price
Circuit Capacity Deferral

Long Bank Capacity Deferral 10 Year LMP Forecasts
Term Future Congestion (Trans)

Future Covariance

Asset Protection Capacity Premium

(transformer, wires, etc.)

Copyright 2014 Integral Analytics

Security/ Value of Lost Load (ignore for npas these are more qualitative and generally extjinsic

Both KW and KVAR are forecasted, given the weatrat, in the short term, tirrgeries/econometric
based trendingUsually, utilities that are supplide focused only forecast KW, while distribution

centric innovations favor power factor. Both matted Both must be modeled simultaneously on a level
playing field. Utility IT Departments have generally been averse to spending money on the collection
and archiving of KVAR data, favoring only KW for use in billing. But the birth of the DbtRiiresthat

we trackboth. With both, we can nohave KVA forecasted directland can assess impacts from power
factor changes, voltage drops, and line loss imp#uskey grigside value buckeisThesdorecastan

be estimated, or updatedily, with the usef a nightly AMI system download. Of course, 15 minute
KW and KVAR data readare preferregin near real timgbut remain at the mercy of the IT and telecom
cost to collect it, at that latency. Tweay communication apart from the AMI system, eithehbuse,

or across sections of circuits, in more sxae, would help, too But for the tine being, we will assume
that these KVAR and KW forecastarereasonably accurate, irrespective of its source or its latency.

Now, in practicewe can calculate thenpacts froma 5 minutechange in KVAR/KW by using batch
processing of the utilities distribution power flow tool, and produce estimates of the resulting changes in
voltage, losses and other gadntric effects. These can be converted into their dollavalgnts and

input intolIntegral AnalyticdDROP optimization engines to determine the shadow pD&4R)

contribution or value for placing one increment of KW or KVAR, or bothpat#ic locations. We can
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perform these analytics simply using the déyecasts, without batch run power flow todtstest and
runusecase scenario analysBut the more robust solution must directly integrate the distribution power
flows in near real time, in the long run. We have been working with several of thetawgawhich

appear to be sufficient to the tagRiven the prevalence @ixisting5 minute LMPswe assume that this 5
minutelatency or even hourly perspectissuffice for the time being. The loss in assuming a 5 minute
view lies with the undeestimation of the value accruing from ancillary servitesare responding to a

4 seond, or shorter latency, signal. In addition, various arbitraging and dynarpitclsng projects we
have completed will require this (e.g., $etegral AnalyticsWindStore, GridStore, IDROP arbitraging,
wind firming example®n our website, or ask for more dethils

The discussion to this point has focused on sieonh valuationsgenerally within the hour, or within a

day or month.We extend the methodology tdso include pricing components for longer term capacity

value and deferralThese are often more important than the stesrh cost savings. Indeed, much of the
regulatodb s current attention is squarely focused on | c
and other innovative suppbide and grieside resources. Tdp this, we leverageuw LoadSEER

softwarewhich is a comprehensive econometric/geospatial &stéw tool. There isubstantiatietail

and sophistication embedded within LoadSEERcan be used for several purposes beyond DMP
calculations, but the key aspect here is that we can forecast very granular load growth, or reduction, at the
customer legel, or acre level. The reason we designed LoadSEER was to optimally target DR, EE, solar,
wind, etc. to the right locatiorsich thatve maximize T&D avoided costs, identifyinghich circuits

would benefit the most from DSM, firstrom implementation oprogramdo defer a capacity need for

the grid. $hce LoadSEER forecasts 10 yeassmore of very granular local growth, we are able to now
forecast 10 year LMPs instead of just next day LMPs. This greatly advances the 1SOs ability to plan and
locatefuture capacityandto identify future areas of congestion (and hence, higher LMRs)l most
importantly,it showsboththird parties and utilities where to best locate micro grid resources (or new

supply).

We always remain consistent with the ove@lporate Forecasif load growth reconciling forecast
error anddifferences in certain areas.utdt is made easier and more accurate each year as the
distribution plannebecomes a moiiategral part otheforecasting processlhe planneactually locates
new load within the tool, in real time, month to month (e.g., Walmart store, Honda plant, residential
building) and the forecasts are automatically updateétoinonit he tr ut h. 0

As an interesting side noteonsider this. Btribution planners historically were never consulted, nor a

part of, the utilityds I RP (I ntegrated Resource P
working with the Supply Stack staff (the IRP) who then worked with the RatariDemtto creae

average tariff prices for customer classes. No distribution planner was needed. Today, with increasing

solar, advancing DR, intermittency, electric vehicle load growth, etc. the distribution planner arguably

plays the key role in the DSO, managing hhaid of DIRP$n some case®.g.,0neDIRP per

substatiofbank. In addition, with advance of new supply technologies, rate designs wiltdedfto

become localized or even indialized to reflect the local cost to serve as well as competitive supply

costs. Rate Departments will be relying on the distribution planner to give them detailed views on these

costs in the future.
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An example circuit level forecast is shown below, using LoadSEER. Here, the red polygons identify
circuits at risk of exceedg capacity (targets for DSM, KVAR) and green areas depict areas of zero risk

(alternatively, ideal zones for EV charging stations, new economic development).

. o

100 %

75 %

Engineer ] Supenvisor ] Area Senior ] Manager [ Admin \ Logout
Division Forecast Year: 2013
DPA
[Lovenvew [ Peak Loads [ Transfers | Agjustments | Forecasts | Prajects | Log tisp_ | Reports | Setings |
N\ i I | 2022 -
!
o z :  [SelectBank -
l - Red = Over

Capacity

.. Green =50%-75% "

f‘I Loaded
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Engineers also enter the cost of capacity addisorthatthe Corporation can see not omereT&D

avoided costs are highest, bvtenandhow much Moreover, because we use multiple forecasting

methods within LoadSEER, including a ggeatial methodology based on NASA satellite histories of 30
years, we are able to quantify regresdiasedunctions of how load grows, how it clusters together,
depends on proximities to roads, economic centers, hospitals, airports, entertainment, etc. This enables a
more accurate forecasting of new eveeptg,(new highway, commuter rail, Honda plant, E\aaiing

locations) all of which have no load history on which traditional econometric regression modeling relies.
With no data history, one cannot forecast anything with regression. Hence, the needsfaatigdo
methods.The other benefit from usingithapproach is that LoadSEER performs the forecast using three
independent methodologies, including the-gpatial method, an econometric/thseries method applied

to KWH, and a regression on past peak KW circuit loads (using both weather and 100 edactoms).

This approach enables the distribution planner to triangulate these forecasts. If all three forecasts
essentially predict the same future loads, the planner has confidence in the prediction. Even if 2 of the 3
are similar, some confidenceists. Today, planners typically use only one method, a simple regression,
and it usually only includes temperature. In cases where mild weather coincides with a down economy
(as occurred from 2008 to 2011 in marea), these forecasts are quite biaged inaccurate. If the

economy returns, andidg an extreme weather year, the utility is blind to a considerable risk.
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The graph below depicts a typical forecast where the predictions converge (Western State, summer

peaking).
LoadSEER Forecast Integration Tool

Before Projects [ Afler Projecls

aaaaaaa

271 (Corporate
Spabal Gowin 078 (High)
Adusted R Square: 088 (High)

Total Retall Sales, (I § 00044

Bleng | Finalforecast  47% Corporate, 53% Regression
Recommended: 47% Corporale, 53% Regression
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The methodology also idictly separates risks from weather vs. economic factors. Some micro resources
like DR or HVAC efficiency tend to impact the weather sensitive portion of the forecast (the dotted line
forecast), whereas other technologies like solar tend to reshape enosgimpacting more of the

economic, weather normal forecast). In addition, LoadSEER tracks all impacts at the hourly level such
that the correct circuit coincident KW reduction is captured (e.g., solar may only reduce a 5pm peaking
circuit at 30% to 40%f its nominal rating, the rating expected at noon, or peak solar dait)e

example below, one can see the larger spread between the dotted line forecast (1 in 10 year weather risk)
vs. the weather normal load (economic risk, 1 in 2 year risk).

) INTEGRAL

e LoadSEER Forecast Integration Tool

09 e
e 00 (Mg

5% Carprate. 45% Regreasion
22 ) Recommensed  £2% Corporate 45% Regresnion
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As a resultof the acrdevel forecastswve can produc@very localized and targetesgt ofresource plas
capturingboth grid asset additions, as well as value coming from micro grid resasmcesa€EE, solar

andDR. This creates fbcusedplanby circu t , at the right ti me, |l eadi ng
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employed by utilitiesand differssubstantially from the current useafaverage avoiedd T&D cost
applied equally to all customers, for evaluating demand side resource cost effectiveness.

contras

Where the typical avoided average T&D cost is, say, $50/KWyr, in reality this average value is a
weighted average afuite a few $0/alues where no cagcity is needed, and perhaps 10% to 20% much
higher value on constrained circuits. So, right off the bat, a more rij@neaular and targeted costing

of the grid asset deferral savings hasvallen d t h i

portion of the DMP price overall.

S

v al

ue can

be i

ncorpor at

Again, there are several policy questions to be asked @&y, to map belowgo we lower prices in the
green areas?), but we remain agnostic regarding the eventual incorporation of all, or some, of this
localized capcity deferral value. The important point is that it is technically feasible to, dndthis
can be used to optimize investment and resource allocation

100 %

75 %
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The same longerm valuation philosophy can be applied to the commodity. We have discussed how
LoadSEER can be used to forecast 10 year LMPs, by bus, for incorporation into the DMP, either in whole

or in part Additionall

Yy

we

can

accur atel

y cal c

commonly accepted matk-market valuation methodgalbeit at a much more granular level, requiring
significantly more processirend analytics) As we all know, tariffs are average prices reflecting an
average cost to serve for a customer class. The reality of this process is that significant cross
suksidization occurs not only between classes, but WITHIN classes.
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In the example below, we have calculated the actual cost to serve for each of several thousand

commercial customers.

Avoided Costs Vary By Customer

Average Costs (6 cents) vs Marginal Costs (3 to 10 cents)

Even with standard tariff
pricing, can target
higher cost customers

RED LINE shows a

University
N

A

N

Newspaper |
/

@ BDSMORE

distribution of J " Gfice Tower
COST OF SERVICE Smart Charged| \
Smart meter data allows us Electric Vehicle \. Peak
to calculate actual cost to | \ Charged
| Electric
serve and true margin for Manufacturer | # \ Vehicl
each customer, individually. ‘ \ S0ICe Avater Park
) y. With Co-Gen |/ M
Extremely important as Street P \
utility faces new competitive Lights // \

threats (substitutes, DG). et

B e e T
003 004 00s o 01 "

012

Flat Loads (lower price) Peaky Loads (higher price)
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To obtain these valuations, wen our DSMoresoftware for each customer, to calculate the exact{long
term full requirementprice) cost to servefor energy and capacitfor each customer. We uaesserieof
econometrigegressionudnctionsto forecastustomer loagwith AMI data,the forecastare very
accurate, but weanalsouse monthly data with b o r r bowrly shapefrom customers with similarly
situated characteristics, demographics, fignaphics, et¢. Weassess impacts frotamperature,
humidity, wind speed;loud cover, economiconditions,fi b e n d o0 v ,esplies (sldpé ahanges),
and other factordyy hour, by month, by datype, for each customekVe are able to estimate the
customer loads througld3 years of actual hourly weather for the local micro climaitel couple thse
hour by hour load forecastdth 20 GARCHbased forward pricing curvelseyed to the local ISO hub, or
utilityos .sThereseltrimpproximdiety®& markto-market valuations.

To the extent that our statistical forecasts are accuwaye95% goodness of fits, this is analogous to
having an AMI meter installed on the customeros
By customer. It took us a few years to automate this process, and get the point where we could analyze
hundreds of thousands of loads, but it was worth it. The result is, literally, the true cost to serve for each
house(at least within the margin of statistical error, the 95%)thegraphicabove, where the average

tariff price is 6 cents for the commibg the range of true costs goes from 3 cents to 10 cents. This is the
weather normal 8,760 average price which one would charge this customer, if they wereg non

provider of fullrequirements power.

Again, we can hear the regulatory policy anaysing at thetechnicalfeasibility of individual customer
tariffs, and of the potential fdndividualized settlement shapesd the likelyadverse harm unfairly

placed on some low income customers or small business (or large). Agreed. But reotepliyat

because we are technilgatapable to price out the true cost to serve does not mean we are forced to apply

Copyright 2014 Integral Analytics, All Rights Reserved Pagel?

S



> INTEGRAL
4 X ANALYTICS

it. Rather, policy analysts will debate the issue and likely arrive at some type of compromise that rewards
the higher cost customers a thunore than the lowgost ones. And this policy decision can be applied as

a judged amoungpplied to the DMP, vs. using all of threie cost to serveThe inclusion ofsome

portion of the cost into the DMP does spark innovation at exactly the riglet pAacsuch, we include it

in the DMP. The only question is how much is enodglinclude or how much is reasonable. Or, is

there only upside financial gaia customers and no dowside loss or risk (i.e., apply some DMP portion
adder for allwhich isan incentive to customers, and is highertigher cost customer)

Finally, some people ask us, fils aslréeabtygnaoest s
Answer: Yes. We tried short cuts, such as applying Blackoles type derative methods, and

averagindoads and pricesver longer time periods, bthe results always underestimated the avoided

costs, especially at peak times {35ile to the 98 %ile). So, wenevitablyreturnedto a more

comprehensive full enumeration of avoided costs, and leaned on-bassdlmethods instead of the

easier, but insufficient Monte Carlo and Bla8kholes type approaches. When we @wsgdorm of load

or priceaveraging up front, we lbghe imporant hourly covariancmformationbetween prices and

loads. Wealways saw a cleamderestimabn with pre-averaging. With the more robust method, we not

only get quite reasonable and accurate covariance forecasts for 30+ years, keyed to the cusadsoer, we

get a complete distribution of loads and costs. This full distribution is necessary to identify the costs at the
extreme tails, where prices spike and weather is extreme. This is the core source of value for many Smart
Grid resources. If we undestimate, or if we use assumed Ble@gg&holedistributions 6r 95% VAR),

we miss the critically important 99% load, or the 99.5% load where significant cost savings and attention

is focused.

So, until the industry has enough storage under its belt,saitdeaugh to dampen price volatility, we

prefer the more accurate, albeit data intensive, approach. Besides, it represents the true cosiio serve
shortcuts.Below is a typical, full 3D distribution of avoided 8760 hourly costs for a customer, &8€r6ss
weather years and 20 forwagpdcing/costcurves. Note the obvious skew, as prices climb and weather
gets hot. Thiss the covariance distribution that we want, and which we create for each customer. Any
averaging necessarily leads to an averageétooserve estimatbatmight be as much as 2X to 3X lower
than actual during these times.

O Shdore ws. Bosel or Black- Scholes

Smart Gnd paog s Aucided //‘—— ]
fasget the Zove of Fbylri High Value Target Zone

Convariatee Costs ($4] |

Formed Outage ncreazing
Hizh Fuel Costr Market Prices

@ BSMORE
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A final clarification is needed with respect to t@mmodity cost to serve component of the DMRe

refer to this cost as if it were all energy. In reaklitsg, are using the energy usage as a means to get at the
capacity cost for that customer. The true cogtnafrgyfor customers within that substation is the bus

level LMP for that hour. But this has no capacity value in it at all. To get the right gapastitper
customer, we must analyze that customerdés | oad ac
possible forward curves (e.g., during extreme weather, forced outages, high natural gas prices, etc.). As
the forward price tmar ktehtes cfiobvoaormoa nacneds fibbeutsween pr i c
accurate way to value this is via the full enumeration process we lay out here. Fully modeled, we can

observe and calculate how much capacity each customer contributes to the total, and junstritas

piece to the LMP. We rely on the hourly LMP for the energy component, and this is already embedded

within the DMP directly. The issue is similar for the DMP adder associated withdamgcapacity

deferral of banks/circuits. We do not adtbithe DMP value a constant value or a per KW value. We
assign the DMP component value based on the coinc
with the circuitébés peak. I n this regaapatity street
deferral represented in its DMP. Similarly, the DMP adder for the commodity cost to serve (aka capacity)

will also be zero.

Moving onto the grid assetsnather component of the DMP lies with grid asset protection, such as
primary or servicéransformer overloading predictions. Traditionally, utilities would approach their Load
Research Degptmentfor typical customer shapes, to be used in the assignment of service transformers to
locations. See a typical example below which compares therjeaweraged load research shape vs. the
actual shape.

— loadProfiles —
1 What Transformers See

I i
I

Generally, the field crews, or planneaserisk-averse, desiring transformer loads to be around 30% of the
nominal transformer rating (most of the excess to accommodatéoaolghick up). Howewe over the

years, some homes build additions, take ppttery fobby (20 KW electric kiln), or clandestinely install
grow lights. Instead of using heuristics, or averaged tables, it is a very simple matter of calculating the
exact loss of life expectquer transformer (ANSI tables) whether winter or summer, pole mount or pad
mount, and across various durations of abowminal rating hours. This more granular approach is much
more accurate than heuristic algorithms, and moreover, allows us to siaddatd electric vehicle loads

on top of existing loads. Since utilities will never know exactly which house adopts what EV, this
process enables the identification of overloading transformers well in advance of their adagtiog

DMP to the valuatiomelps optimize investmerand improves asset protection and reliability.

Moreover, field crews can change out these overloaded assetowmipiarable ratd underloadedones
possibly even on the same street.

Copyright 2014 Integral Analytics, All Rights Reserved Pagel4d
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Our results from thignalyticalprocesgsee example belowgepict that all but a handful of service
transformers are just fine, but 2 or 3 of them should be replaced now (or homes targeted with audits, DR,
EE). Too much solar, and reverse power flow, might exacerbate the problem, but at least e a

firm grasp of the problem and have quantified the ri&#iditionally, adding EV loads reveals several

more transformers potentially at risk, and these can be addressed durpepkdimes for the field crew.

Histogram of Age Factor of Transformers
450 TRANSFORMER AGE FACTOR
36171563 0.5796
123655380 0.6150

400
119379329 0.6509
150956712 0.6613

350 36236976 0.7687
36140767 0.7863

300 119379252 0.9020
36203644 1.0844
36104038 1.3071

250

200 -

Underloaded Electrlc Vehicle
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00 +—-— | \ |

st f— — |

Age Factor> 0.5 : Number of Transformers=9
0 - J;J_-;i

0 005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 0B 0B5 09 055 1 Mo

Numberof Transformers

Age Factor

The same process can alsaapglied to primary transformers, sections of circuit, specific wiring issues,
and other grid assets, as they generally are aggregations of thdewéroad forecasting we already
have in place.

One additional value bucket component of the DMP akswithin our IDROP optimization and

arbitraging, or choreography, of loads. IDRE#M be used to optimally coordinate, or choreograph, the
end uses along the circuit as a function of the total cost to ®erhe circuit. We find that about twice

(to 3X) the cost savings can be achieved by optimizing over the ¢ivetsius having each house

optimize their own bills. This can also be done in a reatimt additionally pays attention to the

nominal ratings of the service transformers. When DR sigmalsptimally coordinated, we can
dramatically lower the numbef ratings violations and their durations. The load that the transformers
experience is much flatter, thereby preserving asset life. Note that the choreographed loads are not flat
for two reasons 1) we are maximizing the total costs savings, not fimgjsist on the transformer, and 2)
there are important engineering constraints placed onus by the®rel equi pment cr eat i
in the flattened load (e.g., HVAC needs to runmiaimum of 7 minutes, EVs must charge 35 minutes
minimum to get the temperature raised enough).

These engineering constraints lower our total cost savings, but importantly preserve the appliance life,
and hence, customer satisfaction. The DMP contdbun this case is also an improvement in the power
factor, which has a distribution dollar value that can be incorporated into the DMP (either estimated, or
calculated from the local power flow model). Moreover, this type of optimal choreography can be
targeted to areas of weaker voltage suppod. the DMP algorithms pick up the voltage drops and

IDROP then identifies this area as deserving of a higher shadow price, or DMP contribution). This is a
natural outcome of the DMP optimization calculaticensd does not need to be estimated externally. An
example is shown below taken from one of our IDROP pilot projects, for about 30 customers on 5 or so
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transformers. Note that this flattening of the load is achieved with 30% of customers pantjaipiie

progr am. Essentially, the opt-pancigasidtoceatethid gor i t hm
effect. Of course, this requires some type of one way signaling frorpartinipants regarding the near

real time total load.

I » INTEGRAL

e |IDROP Protects Transformers

Viewed At The Transformer Level

Load by Transformer

Random Choreographed Bumps intentional
to limit the extent
. | that AC units are
IDROP only needs | | / started/stopped,
25%-40% customer 04 | || | il and to optimize on
| T ——
\ |

participation to . customer marginal
levelize load, which costs, not just on

saves utility money load alone.
and does not force
customers to
participate.

Six transformers, 30 homes, displaying normal volatility in load
prior to IDROP vs. after optimizations are operational.
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If we extend thigxample to the circuit, we observe the type of results below. This is not an actual

outcome, it is simulated. Adf our pilots to date consist of 50 to 1,000 customers and none-are co

located all on the same circuit. But applying the known resudsptak day for an example circuit, we

can see below that the circuit | oaahd3®n be Afl att
participation.

IDROP Levels Loads Dynamically

Instead of load following, we talk about plant following, wind following, cloud following.
Instead of dem and responze, IDROP alzo enables "supply response’.

A0% EV's create new
it Peak

Generation Costs

| fi
. v ‘\","4 | | E¥Smart Charging
o ]
Jigd "’.‘“UJ‘-":"'\-W""‘*"""‘\
E . el bl 1
1 Y rald AN
it Dyramic Dispatching |l '“\.]
i t B G2 degrees [30%] ' )
i [30% 1Y
'1|| Al J:-u-w [ ] I-‘-
kol Dynamic Dispatching \
" I| Enables MoreE flicient Baseload
Ranp Thermal Unitsto preferred -
Operating “sweet gpot” -

T i)
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One can also add EV loads, all arriving at 4pm from 10% of the customers, heroically asguhat
they all agree to nighttime charging. But we see a few important insights from this simulation.

First,we only needd30% participatbn. We will likely never get 100%, but even if we could, it would
be inefficient to pay them to participate (diminishiegurns). Secondwe have created virtual storage on
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the circuit in near real time, flattening the load (sans themtinate volatility shown). Tind, we can
Astair stepo | o-aableg acouple degreesnieatingtennanteré pit) teactually
match the preferred operating sweet spots for our plants as they come on line.

So now, we can begin to talk about plant following, instead of plathsving load. We begin to talk

about fAsupply response, 0 n aotturnjthe gahles dnehmponmdl, r e sponse
unenviable position in which utilities are placed, that of an industry without an inventory or storage

warehouse buffer. We have created it from the thermal inertia in a tbweiduses already in place.

The kest part is that in all our pilot projects, no customer has noticed any discomfort or had an issue with

this process.The days of 5 hour DR and customer suffering are likely nearing an end.

Foutth, we can also incorporate wind following and cloud follayy by choreographing the end use in
conjunction with the wind or cloud forecasts and th@ $8min LMP price (or nowin addition,the DMP

price). For details on the financial results of wind following and wind firming, see our WindStore

software ovengws. For details on how this process makes physical storage batteries more cost effective,
see our GridStore results. In both cases, we are simply applying the IDROP optimization engine to
batteries or (in the case of windwater heate)shermal ceraig bricks and 2 and 3 element water
heatersAnd wi th increasing (., excess selar geaeratioh préddcadcdiringc ur v e s
sunny, summer afternoong)e-making or afternoon iestorage is likely to emerge take advantage of

low afternom-LMPs. And EV charging incentives, ironically, may appear for summer afternoon hours,
albeittargeted locationallgt employment centers instead of residential horiége. DMP signal will

serve to motivate these innovations, and in the right platesprinciple is the same, and the same
optimizations used here are the same ones used in the derivation of the DMPs (think shadow prices).

The final consideration within the DMP calculation lies with voltage and power factor. These impacts are
naturally vdued within the optimization results, based on KW and KVAR forecasts. And as we
discussed, &minuteDMP seems a reasonable latency to use, given the use of LMP at 5 minutes. But
note thaDMPscan becomputed foralmost anytimeframe Necessarily, tire will beunavoidable

operating consequences the system within the Bninute period, jusastheyexist today. And the DSO

will likely manage the circuits sindtly to what is done today, tmsure reliability. Ouprojected load

and Kvar for tle period is based on factors computadriori for each locationfrom our KW/KVAR
forecasts and the associated power flow regwltich may or may not requirerbin updates) Lower

latency DMPs are limitedimply by processing time and telecommunication ldgsthe interim, the

utility can do nothing but operate the system as well as posagbtbey do todayEven so, we expect

that lower latency benefits will accrue to the circuits viasuute DMP signal following as is possible
today with 4 sec fragency following, orAGC-type signals

With respect to voltages,encurrentlyconstrainour DMP calculations angiptimizations to not permit

Low Voltage. Howeverit is possible to relathis constraint and assign a cost based on 1) a predicted

actual cstomer cost for the lowoltageperformance mend use equipment, by customer class (a

linearized marginal cost to compensate for reduced performance of lighting, cooling, etc.) aad/or 2)

addition of an expected cadsiatis added as a voltage violatipenalty. At some point, low voltage

becomes an operating security issue for the utild]i
protection equipment as a means of averting a system collapse/local blackout of the feeder (e.g., over
current réays would step in to open circuits at some point). The utility anemaleers (or the DSO)
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locally may decide it is best to avoid such load levels by simply issuing increasingly prigle signals

as the point of collapse is approachesia means ofistouraging reaching it. The quantification of this
price adder derives from a) value of customer 6s
the DMP price necessarily requires local DSO specificathord for our purposes here, we simp

constrain our DMP optimizations to not allow for low voltage.

The voltage violation portion of the DMP signal carries two costs that are computed in what is basically a
distribution version of existing methods that are currently used to commauiggnal costs at the

transmission levelFirst, consider @oor powerfactor. Tlis isanalogous tdéhecost to theutility of the

VAR penalty thamust be paid at the transmission lewagidcan be determined from transmission

postings for this time peind. To this, we candd the cost of any consequences of-MR operating

status on the distribution equipment between this location and the transmission bus, computed from load
flows. Second|ossesre reflected as thmost of the power that must barphased to replace the losses

plus the cost of moving it through the distribution system, computed from load flow anahjsiss

accurately estimated from wire type, impedance and distdn@aldition, users may choose to compute

an additional costn some casedor the Loss of [fe at high equipment loadinglsatwe presented

previously A portion of the DMP can be ascribed to the expected loss of life in equipment operating
under extreme loadings.

And so, ve have reviewed severdlalue buckei components of the DMP to this point. All of this is
technically and practiclyl feasible using KW and KVR forecast&nd optimizations (IDRORRs well as
valuationsfor system LMPgLoadSEER coupled with a network power flowjid asset deferral
(LoadSEER) commoditybased cost to serve (DSMore), grid asset protection (TLM), and the wilities
distribution power flow tools (CYME, SynerGEE, Milso®penDSSNexant, etc.) The DMPs can be
derived without the direct use of these distribution power flow tootsyltk considerably less accuracy.

The truestrengthof this approach is that it simultaneously and jointly values both sisujey(KW)

avoided costs and grlde costs (KVAR, voltage, power factor) at the same time. It forces collaboration
within the utility across silos. It reveals a single price signal per house, per customer, for third parties to
see with certainty, which will spark considerably innovation, and do so at exactly the right PIb&CE

right TIME, and right AMOUNT We are not onlyincluding theshort term, more operational value and
benefits, but we also incorporate the longer term beneéifsacity deferral for T&Dcommodity cost to

serve, future LMPSs) such that innovations with higher fixed a@stparticipate. This standsn contrast

to the current status quo which tends to favor either the grid or the supply, to the exclusion of the other.

The foll owi ng \ihatgmcal DMRs pes iounwdudd e for & peak day for a circuit.

These prices are simply the shadmices that are naturally generated from the IDROP forecasting and
optimization modeling process, analogous to the larger scale ISO creation of W@R=alculate these

DMPs using avoided cost results we have gleaned from 4 years of IDROP pilots, D8klgsésacross

30+ States, and recent LoadSEER work. Intentionally, we are not citing a specific utility here. However,
much of the data is adapted from Western loads and prices. So, results are simulated, not from one utility.

Note that DR OP 6 s ric®3WRal igpeingadded to the bus level LMP to reveal the total value or

price per location/customer. As LMPs change, and as loads vary, the DMPs change, as shown on the heat
maps shown below. Note that the subgtain this case lies to theakt and hence the majority of the

eastern customers exhibit lower DMEsie to stronger voltage and to a lesser extent, fewer ldsstss
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example, we intentionally exclude longer term DMP value adders in an effort to simplify the
interpretation of the mailts (e.g., capacity/grid deferral, 10 year LMP or commodity cost to serve). When
we do include the |l onger term DMP value adders
colored higher DMPs interspetsamong blue, low cost areas, as one wexipect. But it is more

difficult to view the tradeoffs between KW and KVAR value. So, here we are more focused on just the
short term DMP value components, for ease of interpretation and understanidéngéestern portion

needs much more attention aredources, and hence there are clear pockets of high DRiRs$here are

still some pockets of higher DMPs nearer the substatR&d colors depict high DMPs, and blue zones

are low DMPs (using $/MWH). Voltage and KVAR essentially are converted into i€@¢fivalents for

$ valuation/ reporting. Weend to prefer this approach, for simplicitut we can parse out the relative
contributions to DMP which an€W centricvs. KVAR related, but note that both are usually impacted

from many of the micro gridesourcesin the Base Case below, we do see some pockets of higher DMP
closer to the substation, but the majority lie to the East. Remember that this DMP specification does not
include any of the longer term value buckets, so the preponderance of higRertbke West is not
surprising. Adding in longer term value buckets of avoided costs would create a more patched mosaic of
DMPs, particularly within the Eastern region.

, t

JBAEWEA  Distributed Marginal Prices (DMP)

DMP Prices (4pm) BASE CASE

Transactive Price Signal from IDROP

(Circuit 11XX, Western US Utility)
$MWH 47 5PM

I $59.59 - $23.61
M $23.62 - $37.63
I $37.64 - $51.65
[CI451.66 - $65.67
465,65 - $70.69
[1$79.70 - $93.71
493,72 - $107.73
B $107.74 - $121.75
M 121,76 - $135.77

ALt If}

A\ 4

1 Mile

bstation
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No w, |l et6s add in DR for the top oflthe@ustbneiubass., for 2
This is simulated, as we dondt have 20% participa
see that the DMPs are lowered, as DR helps lower the DMP value for subsequent innovation, as we

expect, and want.

Copyright 2014 Integral Analytics, All Rights Reserved Pagel9



Ijﬁl INTEGRAL

ANALYTICS

The map blw shows this, and eventually there will be diminishing returns to additional DR to the point
where only a few pockets of focused DR attention is worth the marketing effort, or incentives. The DMPs

in the West, parti cul agathyhe loveer DMP teveld af their sigighblora. t donot

JISRNER® Distributed Marginal Prices (DMP)

DMP Prices (4pm) WITH DR

Transactive Price Signal from IDROP
SIMWH (Circuit 11XX, Western US Utility)
53,59 - §2381 41 5PM
W $23.62 - $37.63
0 $37.64 - $51.65
145166 - $65.67
[1465.68 - 79.69
[C1479.70 - $93.71
493,72 $107.7%
W $107.74 - $121.75
W $121.76 - $135.77

1 Mile

Substation ===
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Next, | etds allow for the installation of equi pme

assume that third parties see the transparent DMPs and respond optimally to the location of these asse
just to see what is technically possibl&e see that the remaining pockets of higher DMPs on the
Western front are lowered, as we would want, and much progress has been made on the Eastern side to

lower DMPs as well. At this point, with the optinadlocation of both DR and KVAR, we have driven
the efficiency of this circuit toward a much more optimal state.

IAEMEEN Distributed Marginal Prices (DMP)

DMP Prices (4pm) WITH DR and KVAR

Transactive Price Signal from IDROP

(Circuit 11XX, Western US Utility)
SiMwH 47 5PM
W $9.59 - 2361

I §23.62 - §37.63
437,64 - 451,65
45165 - $65.67
[C1465.68 - $79.69
[1$79.70- $93.71
493,72 - $107.73
W §107.74 - $121.75
I §121.76 - $135.77

Power

4 o\ Substation )
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Finally, l etbébs review what happens to the voltage
circuit state. Below, we see theeragehourly results for each. Overall power factor is significantly

improved throughout the day, with modest KVAR injection (albeit optimally allocated). In this case, line

losses were estimated, ditekly areartificially high due tahe estimationof servicedrop distances And

the majority of the line loss mitigation likely accrues to the secondary line loss where the distance

estimation was required. Nevertheless, the key point here is that DMPs can drive innovation at the right
location, and ctuit performance can be improved at the same time that KW reducing programs are

pursued. Importantly, we are valuing these on the same playing field and jointly.

Optimal Power Factor and Voltage

Original vs. Optimal Power Factor and Voltage
(aggregate average per hour)

Overall Power Factor % Voltage Rise
Given the cost per o
KW and KWH,and ** " —~__ g [ Z
given KVAR/voltage ., — '
cost improvements, °* \\A/
the optimal pattern ...
of hourly KW/KVAR o=
Is shown for the
peak day for the L Total KVAR Lo % LineLoss Decrease

targeted circuit. 0 |2 ey
g - /\ / oo NS
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In conclusion, the strength of this approach is that it simultaneously and jointly athesupplyside

(KW) avoided costs and grside costs (KVAR, voltage, power factor) at the same time. It forces
collaboration within the utility across silos. It reveals a single price signal per house, per customer, for
third parties to see with caibty. And we include both sherrm and longerm sources of avoided

costs. Yes, there are several important regulatory and gidiegd decision in practice, but the technical
feasibility exists and these decisions can be made State by State. Tibatiomd of DMP

implementation are not totally known, yet we can assume that DMPs will spark significant innovation and
that they will transform the electric utility industry in important ways.
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The Critics

As is true with any new paradigm, criticismmgvitable. Pioneers take the arrows, and settlers get the
land. But criticism and debate is necessary, and healthy, as it leads to resolution, understanding, and
growth. Toward that end, here are some of the barbs that expect will arise, and whibth Seavie an
increased understanding of what DMPS and are not.

Critic 1: This is nothing new. Europe has had DNOs for a decade (Distribution Network Org.).

Yes, but their focus has been limited to largely toward settlements aedulation rathethan a broader
view on distribution level avoided costs and the gains from integration. What is new here with DMPs is
the direct specification of distributed avoided costs and pricing. This enables more efficient DG
integration, more accurate individualstomer settlement shapes, calculation of hosting fees for solar
(higher KW charge or allocation), and optimal choreography of distribution level resources, among
others, which are beyond the current role of the DNOs.

Critic 2: More focus should belpced on transmission level assets. The amount of energy traversing
the circuit is 1% of the total. So, an independent operator for a DSO is too expensive, per MWH.

All energy use travels across both transmission and distribution, so its 100% on bexlityin

(exception, large transmission service customers). And given the advance of PV and the need to
coordinate end uses via virtual power plant opportunities on the circuits, a more granular focus below the
substatiordoesimprove the performance of the transmission network system. Reductions in load growth
provide reliability benefits as well as opportunities for capital deferral. So, there are joint benefits to both
sides. Further, the implementation of DMPs does aetrio be an independent function. Ultilities can

manage it, directly, and simply reveal a DMP signal for use by third parties. They do this now, on

average, in their specification of avoided costs for energy, capacity and avoided T&D in DSM filings and
EE/DR cost effectiveness analyses. Here, the DMP framework could simply be used to assign these same
averagecosts at a more granular locational level. Little additional work would be required of utilities, but
third party investors would see more acoairmtoided cost values, even on a forward basis. At a high

level, this is exactly what is done today, albeit averaged. Regulators provide EE/DR earnings to utilities
today based on forwarlserageestimates of avoided costs, for the projected life ofribasure. All

DMPs do is to calculate these per location, instead of on average. But there are both short term (spot) and
long term (capacity) valuations, just like what exist today in the current avoided cost framework. The

main point here is that onamrnot easily argue that DMPs are too complicated or too costly to implement,

or that a DSO must be independent. DMPs can simply be an extension of the current avoided cost
methods, simply done at a more granular level without a significant increasésin Wdsether regulators

or utilities desire to establish daily or forward trading markets on DMPs, like LMPs, is a separate

guestion.

Critic 3: A DSO infrastructure would be much too complicated to implement.

Perhaps, but this argument does not pretrenimplementation of DMPs as a more refined basis for
avoided cost measurement, as described above. And this type of argument is a bit empty in its support.
ISOs are complicated, yet we continue to improve their operation and control year by yaarengine

is complicated, but | still drive one every day. What matters is not the level of complication, but rather
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reliability and validity. Ironically, the implementation of DMi@ntric price signals will actually

improve the ability of the ISOs mwontrol plant ramp rates, scheduling, operations and other issues which
are part of the ISO complexity. DMP price signals enable more optimal choreographindneéiing,
pre-cooling, arbitraging water pumping, and other end uses on the demand sidéshalesired plant
operations (we call it plant following, wind following, cloud following). Because we now have control
over some demands within the Smart Grid (via 2 way signaling), we can create virtual storage within the
system which serves as thestted buffer between supply and demand, andé¢hisceghe complexity in

plant operations. We can ideally adjust loads to bring on plants, and hold plants, at their sweet spots of
operating conditions, even in near real time.

Critic 4: It is better to have a centralized, hierarchical control approach.

This is perhaps part of the basis for Critic #3 s
will engage in the discussions will want to maintain some type of centralized cdhisoh natural part

of how utilities, regulators and ISO operators think. They must. Reliability is priority one. But in doing
so, they also limit their views to top down perspectives, instead of bottoms up. Neither perspective alone
is sufficient, lut a blended approach is what we argue is needed. First and foremost, it is not feasible, not
to mention not practical, to attempt optimizations of electric systems across all end uses. It simply cannot
be done today, with existing computing power amgathms. As such, some level of decentralization is
necessary. Besides, why would you want to replace the neteotkic operations which already exist

and work to optimally coordinate plants with substations. We suggest that the distribution DMPs be
performed locally, for each substation, separately. We have successfully simulated optimal coordination
of up to 100,000 customers in near real time. So, a substation focus for DMP price specification is
tractable and achievable for at least at a 5 trilevel, if not less than 1 minute. Further, our DMP
framework rests squarely on the bus level LMP within the substation, and it captures all the relevant
information (short term) within the network system. Our LoadSEER methodology is then applied
regionally to calculate the long run LMP forward prices. Then, we can estimate both spot and forward
LMP information within the DMP in a very similar manner to that proposed by Amory Lovins (Rocky
Mountain I nstitute) and otthaptinsze the wBaletelectriogystemtoant | vy,
replace existing systems. We stand on the shoulders of the ISO giants, leveraging their sophistication,
and actually helping them out a bit with the provision of forward 10 year LMPs (vs. their current state
ability to only forecast next day LMPs). Are these forward 10 year LMPs perfect? Of course not. But,
their accuracy increases with increasing forecast accuracy of loads, plants and transmission lines, to be
sure. And surely this accuracy will improve otiene. But this process is no more, or less, problematic

than the current resource and load forecast uncertainties embedded within existing State IRP processes,
performed formaverageloads and average supply needs. In fact, we have been quite caoefiul in

LoadSEER and DSMore calculations and methods to precisely remain consistent with these existing IRP
methods, the system wide corporate forecasts for the city, and planned DG and larger resource additions.
So, there is no loss in resolution from oppeach. Only more informed locational value and

opportunity.

Critic 5: The DSO must be the interface to the ISO for all retail customers, prosumers (solar) and DR.
The ISO will then dispatch the DSO virtual power plants in its elayad and reatime dspatch based.
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This suggestion continues with the theme that DSOs must adopt centralized type operations. We have
described above why this is not necessary, at least at the start. But it does highlight the fact that there
needs to be some coordinatioetween the ISO and the application of DMPs. We suggest at a minimum
that this coordination begins to occur, and arguably sufficiently so, simply via the use of the LMP as the
base for the DMP. Even with this limited approach to the coordination, guitgl gctors will respond to

near real time DMPs (with some type of regulator earnings incentive permitted based on DMPs vs.
current averaged avoided costs), and the existing ISO and utility DMS systems will simply respond, as
they do today, to the systetrobserves. Ideally, if the DMPs are accurate, and the third party investors or
DR operators are efficient, the ISOs and the DMS systems will observe a more efficient flow of power.
They dondt need to be tied t elgMPtfoneeasts shoovpwithirathis onal |
document are performed independent of DMS systems. We simply used static power flow models (e.qg.,
CYME, SynerGEE, Milsoft, Nexant, OpenDSS). Sure, there is some loss of accuracy in using static
specifications of the raa power flows, but we have also sigeepped 2 to 3 years of IT integration work.

We do this because it is fast, and cheap, and are willing to forego some accuracy in the short term to
prove out the methodologies. Of course, short term operatioroatrd! at the DMS system will be

greatly improved from direct information feeds from the DSM system, but this information flow could be

a one way flow from DMS to DMP price updates. The reverse integration may not necessarily be worth
the cost. Altermai vel y, our current calculations of DMPs si
results from CYME, SynerGEE and other existing connectivity models in the calculation of KW and
KVAR impacts on voltage, power factor and losses. Here, we forecaseakame estimates of the

most appropriate DMPs, given forecasted KW and KVAR. So, direct DMS integration is not necessary at
this level, and provides a reasonable DMP forecast on which to begin pilot applications. Again, this is
simply a set of avoidedost forecasts, exactly analogous to what is applied today for EE/DR earnings
mechani s ms. ltdés simply made marginal, and | ocat
operational IT system integration cost, or implementation delay, that isedqWe are all aware of the

slow progress of Smart Grid innovation, caused in part by sornerfric (centralized) planning focus

and requirements. Full integration of utility IT systems takes years, and tends to slow innovation and
learning. So, pedps conducting DMP analytics outside of these requirements, in the short term, is
preferred. Regulators could couch this approach as simply an improvement in their current avoided cost
methods, monitor progress and adapt over time and third party aateobserved. Adjustments can be
made fairly quickly, learnings gleaned, and joint understanding achieved, prior to any IT system
integration or discussions of ISO/DSO independence, control or centralization. At that point, those
discussions would certdy be much more informed by the observed actions of the players. And certainly
this tact poses fewer reliability risks.

Critic 6: The DSO, and perhaps the utility, is now a wires only entity.

Although this is possible, it may not be optimal. we have seen in the DMP creation, both KW and

KVAR are required to optimize the loads and costs below the bus. DG is a local resource, as is CHP and
DR and others. And utilities provide KVAR, not KW, in reality. Almost every resource and end use
impactsboth. As such, utilities may argue that they deserve rate based returns (or other earnings
mechanisms) on their own investments in these types of resources, as they may be in the best position to
actually see it, or to understand the impacts of DMPss iility investment may not only enhance the

rate of innovation, overall, but importantly limit the potential for DMP gaming by unscrupulous third

party providers that gain a high market penetration, relative to other providers. Analogous tbkEnron
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supply side gaming, a third party vendor with sufficient demand under its control can manipulate both
DMP and LMP prices. They might pomol, preheat in the early afternoon, driving up prices, then
collect DR incentives in the afternoon. Unless thityitias sufficient and equal resources under its own
control, the mitigation of gaming may be difficult. The smatrter third parties will likely even optimize
their gaming such that they are not obvious in their tactics. So, some type of utility inval e rtine
supply side resources below the substation does make sense, and perhaps leads the overall best
combination of regulated and noegulated resources.

Critic 7: There is a Transactive Energy Group (Cazalet et al) which suggests 5 points,Rlafrg

which is a good review, and consistent with DMPs, and we recommend readers review their

di scussions. Our only departures from their think
concerns of complexity.

First, they suggest that regulators shaelidrm tariffs based on forward subscriptions and spot
transactions (sedtp://Inkd.in/'wZ_pHM. This will provide stable revenues to retailers, distribution
owners and generator owners and greater flexibility and efficiency though more responsive end use
devices, distributed generation, and distributed storage. Rocky Mountain Institute hadsigiew,

and so do we, with the DMP methodology using both short term and long term avoided hests.
methodology we use within our spatial forecasting and our econometric circuit modeling (down to the
acre and customer level) are precisely the typeathods required to identify future pockets of load
growth, or decrease, such that a PowerWorld or other transmission level power flow can identify future
areas of congestion, or higher substation LMPs. Without localized forecasting, this is noepdsibl

use standard production cost modeling to forecast energy costs, and these combined methods enable
exactly the type of forward price calculations required to enable this open market transaction. Today, we
only have next day LMPs, and no insight ifiowvard congestion, for the Transport tender described by
these proponets.

Second, FERC and the State regulators should raise wholesale price caps and lower price floors (negative
LMPs), and post-Bninute locational tenders (see Transactive Energy Rapdthttp://bit.ly/X1Iw6X).

We agree here as well, and this squares well with a DMP framework. Further, we have shows that thi

can be done without direct system integrations or top down ISO type control. This would limit the
complexity which they cite as potentially problematic, in the short term, and perhaps long term.

However, unrestricted floors and caps does pave theavgofential gaming by neregulated parties of

the sort we observed under RGO, bilateral energy markets during the Yr 2000 timeframe in

California. This time, though, it will come from third parties that manipulate demands, instead of supply,
by precooling homes, heating water, and other actions which drive loads and prices higher in the

morning, then these same parties are |likely to co
di ppingd or mar ket gami ng r edgnandrcensol. But note alsvithe i mu m |
recent focus of Google, and others, at the Agridé

easier to potentially game (speculation, but theoretically the right place for gaming to test the waters).

Third, regulators should require that prices be fully locational reflecting transmission and distribution
operating criteria, congestion and marginal losses. Locational fairness can be maintained by side
payments. This is almost a dit@all for DMPs, in our ojmion, though the Transactive Energy

proponents believe that only the Transport portion of the tender be calculated by utilities/regulators. The
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energy portion, they feel, should be left to unregulatddtbral marketsln either case, DMPs can be
usedas a relatively low risk transition toward alateral market structure, to mitigate gaming risk in the
short term.

Fourth, regulators should resist approving utility generation procurements to minimize potential stranded
investments and high rates ilithis full plan is in operation. The current surplus, new customer

distributed generation and storage investments, and flexibility from the response to fully dynamic
transactive tariffs should be given the opportunity to balance the investment antopértite grid

without the introduction of a centralized capacity market. Yes, this makes sense, too, and again suggests
the use of DMPs in our proposed forecasted form versus fully operational Aot seems a bit risky

to rel ease rodess, thd foaus of vhih id jugtRas much on future supply reliability as it is on
lowest cost to serve. So, full scale reliance of future supply on free markets, at least in the short term,
may incur reliability risks that cause undesirable economieli@bility consequences.

Fifth, the regulators should accelerate competitive access for all customers, limit the concentration of
generator ownership or control, and aggressively monitor participant wholesale and retail tenders,
transactions, positian and committed capital and enforce such restrictions as may be necessary. Here,
we agree that regulators should monitor the transition to more open competitive access, and even provide
new earnings mechanisms to utilities to particip@er view is hat both utilities and neregulated third

parties should be motivated to both participate in the development of resources below the substation. If
for no other reason, it will limit the potential gaming of the DMP pridasther, the use of DMPs

provides the regulator with the long term desired equilibrium traded tenders. |ftdtedal market

prices and supply stray considerably from the optimized DMP prices, we can infer that either irrational
markets are in play (which is fine, short term) or #@ne type of gaming is afoot (not fine).

So, wereally only differ in our opinions with respect to 1) potential complexity is not a reaswot ty
DMPs, and 2) full scale competition below the bus may cause unforeseen consequences to reliability.
Utilities and third party innovators should be given equal opportunity. Full scale competition may not
give utilities enough time to respontaming may arise fro@oogle or others. And these market
players arenot responsible for reliability. So, veaution regulators to perhaps slow the march toward
full scale competition below the bussing DMPs as a transition, either within a DSO/ISO managed
context or as a guide for regulatory caps or pilot demonstration

Critic 8: Implicit within the arguments of Transative Energy proponents is the assumption that overall
system efficiency is maximized by having individual buyers and sellers optimize their own needs. This
implies that an ISO or DSO overseer is not required, as westcept for the Transport delivery fees.

We have performed several analyses regarding what is optimal for the system overall, vs. what is the
value if all actors act independently. We have found that there are 2X to 3X more cost savings that can be
achived if market actors (buyers) act in concert with one another vs. separately. This is not really
surprising, when you think about it. All customers are tied to the same grid, and increased or decreased
load in one pocket of the grid causes unforeseangds elsewhere on the grid. So, if a house is merely
optimizing its own needs, it may well install numerous solar panels, sell back to the grid, causing reverse
flows that are not anticipated or for which the grid was not designed. Conversely, lopricesimay

spark more EV charging stations, with subsequent voltage drops and service problems for neighbors. One
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example analysis, shown below, quantifies the cost saving differences between applying DMPs for each
home, conditioned on the needs of theole circuit, versus having each home optimize its own needs.

Here, we see that centralized dispatch (DMP methods) lead to overall lower cost to serve results than the
decentralized method (each home limits their own demand, given their tariff ratedliff€rence is

about 3X, or $76 vs. $26, per home, on average.

Baseline Centralized Decentralized
Customer Bill 5209 $200 5175 5150 5200 5175 5150
Total Cost to Serve $285 $255 $194 $151 | $276 | $244 | $201
Net Revenue (577) {$55) {519) (51) (576) (569) (551)
Utility Cost Savings 522 857 576 51 S8 526

This implies that the system loses $50 per month (peak month) in potential cost savings, if taking the
decentralized (neMP) approach. This equates to millions of dollars of lost coshgavi

Critic 9: T&D circuits are too dynamic to estimate avoided costge perform switching and transfers
to accommodate capacity issues, and this is essentially f@aethe more entrenched version of this
stance holds that fadanhetrhee dtisevhahios.ta.vooi ded cost s

This argument generally is held among traditionalist distribution planners and opeYasy 4t is true

that switching and transfers are the first, best step in mitigating capacity issues at the circuit and bank
level, and yes this is very low codBut eventually, the loads increase to a point beyond which this type
of switching solution is no longer sufficienEurther, these switching activities are generally performed
prior to the peak season, in anticipation of higher peak season loads, how&leratavork flows

typically remain static through this peak seasBuore, sometimes adjustments are made within the
season, too, but these changes can be made known and indMéeacount for these types of switching
transfers within our LoadSEER swftire platform so that distribution planners can better forecast the
hourly net load that is being transferred and account for this in the circuit forecast dveeallif

changes are made within the peak season, whatever DMP price signals are fol@ctmsestason will

still send reasonable avoided cost estimates to the locations thexevituallyneed the added

support. This is true even if we use a single, static CYWge connectivity model for the whole
season.Yes, it is not exactly accumain the event of added switching, but more often than not the
distribution operatorsre wi t ch t he circuit back t o ilfwwsweetoi gi nal
attempt to chase the increase in accutaoynuch, it is possible that we mighé sendingrtificially low
DMP price signals to those locations that need it the most, in the long lhese types of nuances can
only be identified, and addressed, empiricalynd resolution will depend on the extent to which policy
makers desire atus on short term accuracy over long term investment motivationall cases, any
attempt is necessarily no worse than our current regulatory approach chusiageavoided costs, both
across the whole system and even at the substation level.
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Regulatory Policy

We have remained fairly agnostic with respect to regulatory paiacfar. We havéocusedorimarily on
methods for measuring aveid costs, to this poinfThis is intentional. Each State is likely to evolve in
unique ways as they move toward distributed platforms for encouragehgegiliency, EE/DR/PV
promotion or proposed earnings mechanisms for utilities. Further, States are likely to traasétidly c
from their current averaged avoided cost methods to the more granular and marginal avoided cost
methods described here.idtunlikely that any one State would embark on a full scale implementation of
distributed DMPs immediately. Pilots will te$tet feasibility and third parties will offer their own

nuances to DMRype implementation. Hoewer, we ddelieve that any regulatory policy should address
some key aspects.

First, utilities will need earnings incentives to move toward more granular avoided cost platforms. And
whatever earnings meatiams are put in place by the regulatory policy should addressttiralna
disincentives embedded within current tariff ratecstures (which are average cost#je have shown

that it is feasible to provide a unique costeaove price to each customer using accurate marginal avoided
costmethods (see DSMore discussion and resuitg}. dorit recommend applying these costserve

prices to customers, immediately. The price shock for some customers would be tifficahage.

Rather, we argue that regulators use the DMP avoided cost methods to provide an incegtivg tmbi
customergo become more efficient. This is no different than what occurs today with traditional EE and
DR incentives. We simply areing locational information to provide higher incentives in some places.
The customespecific costo-serve measurements can be ugeskttlement shapes, however, or grouped
into similar load factoblocks to achieve more efficient grid and supply outcomes than is currently
observed.

Second, we recommend that regulators méggir focus on the Long Term avoided costt fleaving
implementation of the Short Term factors for later (refer to thg 2 table offiavoided cost value

bucket® described early on ithis paper. Short Term factors are necessarily more operational and more
difficult to implement, also aaying more reliabity risk if not implemented properlyPilot test the Short
Term factorscarefully, to work out operational issues prior to wider application. Mbghe utilities we

work with are currently focused on thengpTerm factors and are able to see how to implement these
factors simply as refinements of their current averaging approaches.

Third, dor@ think of DMPs as tradable market prices, at first. Consider them simply as more granular
calaulations of avoided costs. In this vein, readula estimates can be made of the avoided costs per
house, annually, without anmpact to operational reliability. All you are doing here is refining your
costeffectiveness modeling of the benefits andggsist as is done today, butaatore granular level.

In some States, DMPs are likely to never rethehlevel ofa markettraded priceignal, and this is just

fine. Buteven here, we will see increased efficiency in the grid and supply as the correct avoided costs
are being transparentlyvealed to both utilities and third parties. This directs innovation and investment
toward those areas where it provides theaggst returns. And even if the avoided costs are calculated
once a year, and are not dynamic, the investments will eventeadiglrincreasd grid efficiency. In

fact, some States may find that the added costs and complexities of creating a fulyningd80O or
DSOtype platform based on real timéVP’s is not worth the effort. We think it will be, given the
importance andalue of wind/cloud following, ancillary services (frequency, in particular), voltage

Copyright 2014 Integral Analytics, All Rights Reserved Page28



F INTEGRAL
4 l ANALYTICS

support, power factor benefits, and optitpédcating storage, PV and DR. But this level of
sophistication does not need to occur immediately, nor does any perceivglexity in doing so
necessarily blocknagress towal this end statésimply start with the Long Term, neoperational
avoided costs).

Fourth, we recommend that regulators wait, or be slow to adopt, policies that create independent DSOs
immediately. Again, operianal reliability is perhaps the most important function provided by utilities
today, and jeopardizing existing reliability bympotentially disastrous consequences. Utilities should
continue to operate theidr Use DMPs as avoided cost pricing indesd to motivate more intelligent
investments. Whatever improvements that occur on the grid will be obvious to the distripaiators,
andthey will respond appropriately, as they do today. Removing grid operations from the utilities to be
managed bwn independent entity is a risky tact, at least at first.

Utilities also need an appropriate earnings mechanism to participate. We have shown how current
policies risk continued ineffiency (via averaged tariffs). We assert, with reasonable confidence, that
Google and others have the potential to game theagtfidEnronstyle demand manipulation (artificially
increasing prices via pteooling, preheating, pumping). Unless regulatare willing, and able, to limit
this potential market power, the best tact is to allow utilities to participate in distrisidiemnvestments
just as nofregulated third parties do. This dramatically limits the potential for gaming, and provides a
check on nonregulated activities. There are several options, but we argue that a shared savings
mechanism is prefred.

First, raditional rate basing approaches face the familiar risk of potentiairoxestment by utilities.
One could cap the total amount of investment, but this approach still does not insure thraeimgesre
made in the right locationdVe need the DMRype avoided cost values to insure locational
appropriateness. Andufe have to measure the marginal costs anyway, regulators have -anadely
source for shared savings measurements. Many Sfédeshis today, albeit averaged and non
locational. DMP calculations provide an accurate source for demonstriaseddssavingsaphdsay 10%
to 15%are offered to utilities as their earnings incentive

Second, decoupling could be used. The problem with decoupling is that it tends to apply policies to the
whole system, and rganot focus attention where it is most needed, locationallyintended

consequergs may arise from decoupling where utilities focus on cost saving efforts that have nothing to
do with improving gridefficiency. Moreover, it does not force the application of more granular avoided
costs, which is the only way tosure kast cost planning based on actual-t@sterve factorstfie main

goal ofregulatory policy).

Third, the earnings mechanism obviously needs to be equal to, or greater than, the alternative returns from
central plant andrid investmen{currentlyratebased).This comparison, which is a simple empirical

analysis, will guide the specification of whether the shared savings mechaoisich lsé 10%, 15%, or

whatever level. Regulators might want to start at 25%, and gradually decrease the percentage as grid
efficiency is achieved, perhaps. But only a shared sawpgsapproach insures 1) that more granular

avoided costs get estimatiedthe first place, and 2) that utilities focus their investments in the right

locations, without getting sidetracked by dectugphuances or overinvestment from rate basing.
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Finally, regulatorshouldconsider extending the application of the earningshameisms tall resources
that improve grid efficiency. This extends beyond PV installations and storage. It should include
earnings returs for DR, voltage support, KVAR injection, HYAC and Wehsing, and other resources
which carryoperational or servieg/pe componentsSinceutilities will continue to operate the grid, at
least in the short run, they arell positioned ¢ locate operateand integrat¢hesefisofteid resourcesnto
the grid. Of course, regulatory oversight will be requireskejoarate grid operations from distributed
resource invement arms of the utilities.But this is no different than what we see today for bulk and
retail supply, where utilities maintain regulatestvices and nmeregulated arms.

We dose out this section with an invitationVe encourage open and rigorous dialog and critiques of the

DMP approach.Our view holds that focusing discussions on the analytics, on what is testable, and on

what can be feasibly implemented all are more petide efforts than is a general discussion of how

DSOs, DSPPs, or DNOs should be structured, organized and conttblkedatural to want to go
directtytoaprocessent ri ¢ sol ution, but we believe that too
t he cart b e Process shouiddollotv ormscenteat, and substance, and not vice Tésa.

mandate from the Statesrediable power at the least cosHence we designeddMPsto focus squarely

on avoided cost measuremerasrequired within a world ofmoregranularanddistributed resources.

Even if one balks at the concept of a DMP, this paper lays out a comprehensive approach to the

measurement of granular avoidaabts. And this is the key need to motivate a more efficient grid.

We wektome questiongritiquesand input. ©ntact information is provided below.
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