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The Duck Issue

2030
?

Source: Jim Lazar, 2016



The GridOptimalÊ Score

A New Metric for Rating 
Building-Grid Interactions



GridOptimalϰΥ ²Ƙȅ ƛǎ ƛǘ 
Needed?

Currently no metrics that define 
building-level grid citizenship 
or rate building-grid interaction quality

ÅDifferent players have different language to discuss 
the topic

ÅGrid operators and utilities are struggling tointegrate 
renewable energy ++ onto the grid

ÅGuideoptimal building design and operations
(Conference Paper: ASHRAE Winter Conference, 

January 2017)  (Alexi Miller, PE & Jim Edelson, NBI)



GridOptimalϰ: Critical Bridge Between Buildings and the Grid



GridOptimalϰΥ DǊƛŘ {ƛƎƴŀǘǳǊŜ

Rated building 

lowers grid peak

Rated building 

contributes to grid peak

Peak Critical Hours



GridOptimalϰΥ wŀǘƛƴƎ .ǳƛƭŘƛƴƎ-Grid Interactions

Key Benefits:

ÅProvide a clear, consistent way to measure grid 
citizenship

ÅAllow utilities to provide incentives by referencing 
a common, transparent, reliable standard

ÅEnsure that building staff are engaged in energy 
AND grid performance

ÅCreate common language and consistent metrics

ÅEncourage grid-sensitive and responsive building 
design AND operations



GridOptimalϰΥ 
How will we do it?

ÅBring together key stakeholders 
and expertsto develop standards

ÅEstablish framework for rating system 
that will result in program implementation

ÅDevelop the rating system, leveraging existing standards

ÅIdentify pilot projects and participants

ÅOutline incentive programsand financing mechanisms

ÅProvide educational guidance



Whatôs Next for the Utility 
Industry?

ÅYou donôt have to figure it out 
on your own

ÅWe are assembling the top 
industry experts to answer 
these questions

Join us!

Change is Coming
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and the Grid

ZNE and the Distribution System 
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503 438 8223   ken@eqlenergy.com
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Utilities and Customer DERs
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Distribution System Planning

Grid Modernization

Customer Evolution

Markets and Policy
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Buildings and Grid Integration: 
The Good, The Bad, and the Technology

Å The Good ïDefer costs & Renewable Integration

Å 80 DER projects nationwide displacing T&D, most are Distribution

Å Integrates 8,000MW of behind the meter solar (40% in CA)

Å ZNE impact different for Residential and Commercial feeders 

Å The Bad ïIncrease Distribution costs & rates

Å High DG/ZNE can increase distribution costs

Å HECO (2014)$210/kW, SCE 2015 2yr $400-$600MM 

Å Lower kwH usage to recover T&D cost  >> rate design

Å The Technology - solutions

Å Thermal and Chemical storage (CO2 HP, 

Å Advanced Inverters to the rescue

Å Distribution Planning add DER critical (feeder snowflakes)

Å Load and DER Management Systems 



Campus Load Management defers >$20MM



Weather drives T&D concerns



BMS 
measures on 
12 buildings
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The BAD: Without Integrated DER planning grid 
Capex could increase dramatically (HECO 2014)
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Without Integrated DER planning grid Capex could 
become heavy (HECO 2014)
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The GOOD: Emerging Technologies and 
Processes

Å Distribution Planning tools capable of identifying 

need and integrating DERs

Å CymeDist V 8.0 (Eaton), SynerGee, PSS, DigSilent, DEW (EDD)

Å Load Forecasting including DERs

Å DER tools

Å Target DSM for grid issues

Å Thermal/energy storage and Load management (DR)

Å CTA-2045, EV load control, energy management circuit breaker

Å Solar + Storage, and Storage for customer reliability

Å Advanced Inverters

Å CA SIWG Phase 1 - Mandatory Sep 2017

Å Solar and Storage, Sunspec Alliance

Å SIWG, IEEE 1547, UL 1741



Distribution Resource Planning 
(DRP)
ÅDistribution planning integrates energy efficiency, DERs, and market 

incentives 

ÅThese factors would then be balanced against the avoided costs of 
άέǘǊŀŘƛǘƛƻƴŀƭέ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘκƻǇŜǊŀǘƛƻƴ

ÅLeads to competitive solicitation for DERs
ÅCA discussing, WA in IRP Rulemaking

Ålist of transmission and distribution values that could or might be 
monetized

ÅCalifornia IOUs would submit bi-annual distribution plans to the CPUC,Identify DPA & 
Substations

Perform Planning 
Analyses

Calculate Locational 
Net Value
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PG&E Targeted IDER projects

http:// aceee.org/sites/default/files/pdf/conferences/eer/2015/Richard_Aslin_Session_1B_EER15_9.21.15.pdf
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(2008
-2014)

2017 2020 2025

Distributed Wholesale EnergyStorage 6 6 40 97

CHP from Feed in Tariffs 9.6 30 50 83

RetailStorage 7.4 34 68 156

Retail Non-PVDG 92 153 220 347

WholesaleDG 302 443 590 631

RetailPV 396 916 1,317 2,052

EnergyEfficiency 1,318 1,770 2,134 2,809

DemandResponse 627 845 834 841

ElectricVehicles (16) (48) (95) (248)
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PG&E Estimate of Peak Reduction by DER type
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_1B_EER15_9.21.15.pdf



Advanced Inverters Phase 1: Seven Autonomous
DER Functions (CA Mandatory Sep 2017)

ÅSupport anti-islandingto trip off under extended anomalous conditions, coordinated 
with the following functions. 

ÅRide-through of low/high frequency    (56 > f < 64 Hz)
ÅRide-through of low/high voltage         (50 > V < 120)
ÅProvide volt/var control through dynamic reactive power injection through 

autonomous responses to local voltage measurements.
ÅDefine default and emergency ramp rates as well as high and low limits.
ÅProvide reactive power by a fixed power factor.
ÅwŜŎƻƴƴŜŎǘ ōȅ άsoft-ǎǘŀǊǘέ ƳŜǘƘƻŘǎ (e.g. ramping and/or random time within a 

window). 

ÅPhase 2 addresses communication and change of settings

ÅPhase 3 addresses communication and control

ÅSunspecAlliance is working with inverter manufacturers 

to certify both Solar and Storage. (www.sunspec.org)

April 25, 2017
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http://www.sunspec.org/


Emerging Technology Takeaways

ÅCustomer desire for higher reliability will assist cost 
effectiveness of solar+ storage, and grid integration

ÅCustomer Reliability ex: PGE DSG, STEM, Demand Energy, Blue 
Pillar

ÅAdvanced Inverters augment grid support, and reduces utility 
costs. Utility ownership/control?

ÅThermal/Chemical Storage and Load Management 

ÅCO2 heatpumpsand H2O storage for water and HVAC

ÅBatteries as Premise backup and grid support

ÅCTA 2045 ςWH, AC, Space heat, pool pumps, etc.

ÅCommunicating Tstats

ÅDERMs needed for utility

ÅAutoGrid, Blue Pillar, ABB, Siemens, etc.

April 25, 2017
27



Ken Nichols, 503 438 8223

Link to Western Interstate Energy Board paper: 
Emerging Changes in Electric Distribution Systems in Western States and 
Provinces

http://westernenergyboard.org/2015/05/final-report-released-by-eql

http://westernenergyboard.org/2015/05/final-report-released-by-eql


March 12, 2015 www.eqlenergy.com/ 29
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WECC 2022 DER Forecast
(less than German PV today)

DER

2022 DER 

WECC 

Estimate 

(GW)

Source

Solar 13 2013 E3 TEPPC study on High DG 

CHP 8 2013 E3 TEPPC study on High DG

DR Load Following 2.6 2013 WIEB VER Integration

DR Other 4.7

2013 LBNL 6381, Incorporating Demand Response 

into Western Interconnection Transmission Planning

Storage 2.1 AB2514 California 2020 mandate , plus 800 MW

Total 30.4



Background: Typical Distribution 
Planning
ÅEach distribution feeder is assessed separately

ÅMaximum load is determined for the next 3 to 5 to 10 years, based on load 
profiles and expected customer growth

ÅAdditional capacity, about 50%, is added to ensure the feeder can handle 
reconfiguration scenarios

ÅFeeder equipment upgrades or additions are determined: distribution 
transformers, cables, capacitor banks, voltage regulators, load tap 
changers, substation transformers, reclosers, automated switches, tie 
switches, even new substations, etc.

Å¢ƘŜǎŜ ŘƛǎǘǊƛōǳǘƛƻƴ Ŏƻǎǘǎ ŀǊŜ ŜƛǘƘŜǊ Ƨǳǎǘ ǘƘŜ άŎƻǎǘ ƻŦ ŘƻƛƴƎ ōǳǎƛƴŜǎǎέ ŀƴŘκƻǊ 
are assessed by regulators for reasonableness

April 25, 2017



More Than Smart (MTS) Working Group Purpose 
& Objectives
ÅPurpose:

ÅProvide an open, voluntary stakeholder forum to discuss core issues toward finding common 
ƎǊƻǳƴŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ǎŜŀƳƭŜǎǎ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ 
59w ǘƻ ƳŜŜǘ ŎǳǎǘƻƳŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ǇǳōƭƛŎ ǇƻƭƛŎȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴǎ ǿƛƭƭ ōŜ ŦƻǊ ǘƘŜ 
benefit of the participants and will be made public without specific participant attribution.

ÅObjectives:

īDefine common parameters for the development of distribution planning scenarios for utilities 
to properly stress test plans and to achieve a measure of comparability among the different 
plans.

ī Identify and define the integrated engineering-economic analysis required to conduct 
distribution planning in the context of AB 327 requirements.

īDefine the potential grid end-states in the context of existing plans/roadmaps and identify the 
ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ƎǊƛŘ ŜǾƻƭǳǘƛƻƴ ǘƻ ƳŜŜǘ ŎǳǎǘƻƳŜǊǎΩ ƴŜŜŘǎ ŀƴŘ /ŀƭƛŦƻǊƴƛŀΩǎ ǇƻƭƛŎȅ 
objectives.

ÅDefine the scope and parameters of an operational/DER market information exchange to 
facilitate an open planning process and enable R&D efforts.

ÅDefine distribution services associated with identified DER values including performance 
requirements.

ÅDefine new distribution operational functions (DSO) and related integration technologies (vendor 
ƴŜǳǘǊŀƭύ ǘƻ ŎǊŜŀǘŜ άƴƻŘŜ-ŦǊƛŜƴŘƭȅέ ƻǇŜƴ ƎǊƛŘ

April 25, 2017



Evolution of DRP Optimal 
Location Benefits Analysis

April 25, 2017
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ÅWhat are the immediate benefit categories that can reasonably be 
evaluated within the next 3 months for the first DRP?  

ÅWhat are the next logical set (incl. data and tools needed) for system-wide 
DRPs?
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Visibility & Initial DPA Locational Benefits

System-wide DRP including LTPP

& TPP locational benefits

System-wide DRPs incl. 

Locational Societal Benefits



Value Analysis: Avoided Costs and Benefits

Illustrative

Note: Analysis excludes some avoided costs/benefits that do not have a locational dimension. Therefore, 
analysis is not intended to estimate full stack of avoided costs and benefits associated with DER

Benefits

Avoided 
Costs

Net Avoided 
Cost

Integration Costs

Total Benefits
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Key Regulatory and Market Drivers for 
California Solar and Storage

Emerging Technologies Summit

April 20-21, 2017

Tom Williard
Principal and CEO
Sage Renewable Energy Consulting 



Key Regulatory and Market Drivers for 
California Solar and Storage

ê/ŀƭƛŦƻǊƴƛŀΩǎ /ƘŀƴƎƛƴƎ 5ƛǎǘǊƛōǳǘŜŘ 9ƴŜǊƎȅ [ŀƴŘǎŎŀǇŜ
ÅFalling prices vs. regulatory uncertainty

êUtility Retail Tariffs
ÅBig changes coming ςǘƘŀǘ ŘƻƴΩǘ ƘŜƭǇ ǎƻƭŀǊ ƻǊ ǎǘƻǊŀƎŜ

êProject Finance Landscape
ÅITC sunset, irregular incentives and decreased competition

ÅStorage market nascence 

37



/ŀƭƛŦƻǊƴƛŀΩǎChanging Energy Landscape

Renewable energy and storage costs declining rapidly

ê50% PV panel price decline 2015-2017(GTM)

ê50% Li-Ion battery and BOS cost 
decline next 5 years(GTM)

Source: Lazard 2015

38



/ŀƭƛŦƻǊƴƛŀΩǎChanging Energy Landscape

Grid loading The Duck Curve: Overgeneration mid-day 
in spring and fall above 30% RPS

êChanging load profile of the grid and rate 
structures impact the value of distributed 
solar and storage

êDistribution resource sharing requiresa smart grid

39

Source: CAISO



/ŀƭƛŦƻǊƴƛŀΩǎ /ƘŀƴƎƛƴƎ 9ƴŜǊƎȅ [ŀƴŘǎŎŀǇŜ

Legislation and Regulation

êUtilities required to procure 1.3 GW of energy storage 
by 2020 to support grid optimization and renewables 
integration

êUtilities are required to submit distribution resource 
plans (DRPs) that integrate distributed energy 
resources (DERs) into distribution grid planning

êThe Integrated Distributed Energy Resources (IDER) 
proceeding is actively considering how best to 
integrate demand-side resources into utility planning 
and procurement processes

40

Source: Shasta Lantern



UTILITY TARIFFS

êTOU Peak and the Duck Curve: large and abrupt 
changes to TOU periods have an outsized effect on 
solar, reducing value significantly in some markets

êTariffs are not stable and CPUC is increasingly 
reluctant to protect solar customer investments

êCurrent TOU and associated tariff change proposals 
do not promote DG storage

êSolar and storage tariff requirements at odds
ÅOther storage value streams need to be enabled to 

promote storage with solar

Big Changes and Less Support for DG Customers

41



UTILITY TARIFFS

ÅTime of Use Periods:January 2017 
CPUC Rulemaking allows utilities to shift 
time-of-use Peak Periods from 
afternoon to early evening to better 
ƳŀǘŎƘ ǘƻŘŀȅΩǎ ƎǊƛŘ ƭƻŀŘǎ ό5ǳŎƪ /ǳǊǾŜύΦ

ÅThis shift has outsized impacts on the 
value of commercial solar energy ςwith 
losses of 10-40% for many customers.

ÅUtility rate proposals flatten the 
differential between Peak and Off-Peak -
loss of solar value and storage arbitrage

42



PROJECT FINANCE LANDSCAPE

ê30% ITC extended until the end of 2019
Å3-year stepdown after 2019

êReduced Competition 
ÅSunEdison Bankruptcy

ÅSolarCity acquisition by Tesla

43

Solar Project Finance ςupward cost pressure

ê Interest Rate and Stock Performance 
Pressure
ÅFed rate hikes will push up borrowing cost
ÅSolarCity, SunPower, First Solar stock 

performance



PROJECT FINANCE LANDSCAPE

êMarket and companies not well established
ÅPerceived risk = storage companies must provide 

customer financing

ÅNo standardized customer financings yet

êSGIP incentives oversubscribed
ÅSome fixes implemented and money allocated, 

but far less than the market needs

êSavings Difficult to Prove to Customers

êStorage incentivized utility tariffs ςnot yet

44

Storage Project Finance ςstill developing and dependent on incentives 
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Tom Williard
Principal and CEO
O: 415.663.9914

For more information:
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Facilitating Choices ςIntegration of Deep Efficiency, 
Renewables, and the Grid

Robert Sherick

Southern California Edison

Advanced Technology ςRenewable Integration



BATTERY 
ENERGY 
STORAGE

ROOFTOP 
SOLAR PV

ELECTRIC 
VEHICLE 
INTEGRATION

FLEXIBLE 
LOAD

Customer 
Choices

8



Meter

Resource
Integration

Meter



PV

Storage
Flex 
load

Distribution Management System

Power

Substation

Meter

Flexible 
Load

Flex 
loadUtility 

Storage

PV

Storage

Large-
Scale PV Microgrid 

controller

Data

IP based network | Hardened computing hardware | Software | Protocol/Semantics

3rd Party 
Aggregators

Traditional Grid Architecture

Meter



PV

Storage
Flex 
load

Distribution 
Management System

Power

Substation

Meter

Flexible 
Load

Flex 
loadUtility 

Storage

PV

Storage

Large-
Scale PV Microgrid 

controller

Future Grid Architecture Data

Utility Integration Bus (UIB)

App
OptimizerOptimizer

Field Message Bus (FMB)
IP based network | Hardened computing hardware | Software | Protocol/Semantics

3rd Party 
Aggregators

App

Meter



Why?

ÅBeyond interconnecting ςoptimizing

ÅLeveraging the resources and flexibility to obtain full value

ÅCreating an adequate infrastructure to coordinate the grid

ÅCreate efficiency and optimization opportunities for all parties

ÅReduce risk of centralization without losing reliability of control

ÅEnable innovation and new market structures
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Emerging Technologies Summit
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Grid Integration of Zero Net 

Energy Communities



55
© 2016 Electric Power Research Institute, Inc. All rights reserved.

Community Groundbreaking Event 



56
© 2016 Electric Power Research Institute, Inc. All rights reserved.

Project Synopsis

11 Homes w/ monitoring & 

control of solar and loads 

(w/o storage)

9 Homes w/ monitoring 

& control of solar, 

loads and storage

Attained Zero Net Energy @ 4% of home price including PV

Project location: Fontana, CA

Californiaôs first ZNE neighborhood

Annual peak temperatures ~ 105 F

NEM Rules + ZNE, along with 

decarbonization drive electrificiation
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Implemented ZNE Measures 

Electric Heating and 

Water Heating

3.5 ï4.5 kW PV

All LED 

lighting

High Performance Envelope

Foam Insulation

Plus:

Å Plug load 

controllers

Å Circuit-level 

monitoring

Nexia Thermostats/HEMS


