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Clean Coalition Objectives 

! From 2020 onward, all new electricity 
generated in the U.S. will come from at 
least:  
! 80% renewable sources 
! 50% distributed sources 

! By 2020, established policies and 
programs will foster successful 
fulfillment of the above objectives  
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The Modern Electricity System 
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Introducing the Dynamic Grid Council 

The	  Dynamic	  Grid	  Council	  (DGC)	  establishes	  policy	  and	  market	  
structures	  that	  modernize	  the	  distribuOon	  grid	  through	  Distributed	  
Energy	  Resources	  (DER)	  like	  Local	  Renewables;	  Energy	  Storage;	  

Advanced	  Inverters;	  Demand	  Response;	  Monitoring,	  CommunicaOons	  
&	  Control	  (MC2),	  ForecasOng	  &	  Curtailment;	  and	  “Grid	  Hardening”	  

	  

The	  DGC	  also	  establishes	  DER	  market	  opportuniOes	  at	  full	  value.	  
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Electricity Systems have 3 Vital Grid Services 

Service	   Key	  to	  Delivering	  Service	  

Power	  Balancing	   Capacity	  of	  real	  power	  (W)	  

Voltage	  Balancing	   LocaJon	  of	  reacJve	  power	  (VAr)	  

Frequency	  Balancing	   Speed	  of	  ramping	  real	  power	  (W)	  

The Duck Chart only addresses Power Balancing but Distributed Energy Resources 
deliver unparalleled location and speed characteristics  
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Is this Duck Real or a Decoy for Natural Gas? 

Source:	  CAISO/NERC	  report	  (Nov	  2013)	  
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Wholesale DG is the Critical & Missing Segment 

Distribution	  Grid	  

Project	  Size	  

Behind	  the	  Meter	  

Central	  GeneraJon	  	  
Serves	  Remote	  Loads	  

Wholesale	  DG	  
Serves	  Local	  Loads	  

Retail	  DG	  
Serves	  Onsite	  Loads	  

Transmission	  Grid	  
	  

5	  kW	  

50+	  MW	  

500	  kW	  
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WDG Delivers Scale & Cost-Effectiveness Fast 

Solar	  Markets:	  Germany	  vs	  California	  (RPS	  +	  CSI	  +	  other)	  

Germany	  has	  deployed	  12	  Omes	  more	  solar	  than	  California	  in	  the	  last	  
decade	  despite	  California’s	  70%	  beFer	  solar	  resource!!!	  

Sources:	  	  CPUC,	  CEC,	  SEIA	  and	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
German	  equivalents.	  
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German Solar Capacity is Small WDG (Rooftops) 

	  -‐	  	  	  	  

	  200	  	  

	  400	  	  

	  600	  	  

	  800	  	  

	  1,000	  	  

	  1,200	  	  

	  1,400	  	  

	  1,600	  	  

	  1,800	  	  

	  2,000	  	  

up	  to	  10	  kW	   10	  to	  30	  kW	   30	  to	  100	  kW	   100	  kW	  to	  1	  MW	   over	  1	  MW	  

M
W
	  

German	  Solar	  PV	  Capacity	  Installed	  in	  2010	  

Source:	  Paul	  Gipe,	  March	  2011	  

Germany’s	  solar	  deployments	  are	  almost	  enOrely	  sub-‐2	  MW	  projects	  on	  built-‐
environments	  and	  interconnected	  to	  the	  distribuOon	  grid	  (not	  behind-‐the-‐meter)	  

22.5%	  

26%	  

23.25%	  

9.25%	  

19%	  
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Utility of the Future?  “Distribution System Operator” 

Source:	  	  21st	  Century	  Electric	  Distribu5on	  System	  Opera5ons,	  May	  2014,	  by	  Lorenzo	  
Kristov	  of	  CAISO	  and	  Paul	  Di	  MarJni	  of	  the	  Caltech	  Resnick	  InsJtute	  	  

The	  DistribuOon	  System	  Operator	  
(DSO)	  will:	  

! In	  real	  Jme,	  reliably	  operate	  the	  
local	  distribuJon	  system,	  opJmizing	  
all	  Distributed	  Energy	  Resources	  
(DER):	  	  micro-‐grids,	  diverse	  small-‐
scale	  generaJon,	  self-‐opJmizing	  
customers,	  energy	  storage,	  power	  
flow	  control	  devices,	  demand	  
response,	  etc.	  

! Create	  a	  more	  stable	  and	  predictable	  
interchange	  with	  the	  Transmission	  
System	  Operator	  (TSO)	  that	  relies	  on	  
more	  local	  balancing	  of	  resources	  
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Potential Transmission Savings for California 
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Opportunity:  Shift Costs from Transmission to Distributed 
Energy Resources & Distribution Grid Hardening 

Source:	  Palo	  Alto	  UJliJes	  

Historical	  and	  Projected	  
High	  Voltage	  

Transmission	  Access	  
Charges	  ($/MWh).	  	  	  

	  
Does	  not	  include	  Low	  
Voltage	  Transmission	  

Access	  Charges.	  	  

!   Under	  a	  business	  as	  usual	  scenario,	  new	  incremental	  transmission	  investments	  will	  
reach	  $80	  billion	  over	  the	  next	  20	  years,	  imposed	  on	  California	  ratepayers	  

! Levelized	  over	  20	  years,	  this	  approaches	  3	  cents/kWh	  –	  or	  roughly	  25%	  of	  the	  
wholesale	  cost	  of	  electricity,	  or	  33%	  of	  the	  energy	  price	  of	  centralized	  solar	  

!   Avoiding	  half	  of	  these	  charges,	  for	  example,	  would	  free	  up	  roughly	  $40	  billion	  for	  
modernizing	  the	  distribuJon	  grid	  incl.	  local	  renewables,	  storage,	  etc.	  
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Community Microgrid Initiative:  Proving the 
Feasibility of High DG while Enhancing Grid Quality 
!   Work	  with	  five	  uJliJes	  across	  the	  US	  to	  deploy	  a	  Community	  

Microgrid	  demonstraJon	  project	  at	  each	  by	  yearend-‐2016	  

! Prove	  viability	  of	  
Distributed	  GeneraJon	  
(DG)	  providing	  at	  least	  
25%	  of	  total	  electric	  
energy	  consumed	  within	  
a	  single	  substaJon	  grid	  
area	  

! Integrate	  Intelligent	  Grid	  (IG)	  soluJons	  to	  ensure	  that	  grid	  reliability	  
is	  maintained	  or	  improved	  from	  original	  level	  
! IG solutions include diversity and Energy Storage for sure, and 

potentially, advanced inverters, forecasting & curtailment, and/or 
Demand Response 
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Virgin Islands Example:  Island of St John 

1.  6AM:	  	  	  
•  No	  PV	  impact	  

2.  Noon:	  	  	  
•  20MW	  PV	  causes	  

overvoltage	  

3.  Noon:	  	  	  
•  Advanced	  

inverters	  set	  at	  
0.9	  power	  factor	  
stabilizes	  voltage	  
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St. John Role for ES:  Keep Fossil Generators OFF 

Feeder	   Avg	  Load	  
Solar	  

Nameplate	   ES	  Power	  
	  	  

	  EsOmated	  Cost	  (millions)	  

	  	   MW	  AC	   MW	  DC	   MW	  AC	   15	  min	   30	  min	   60	  min	  

Feeder	  7E	   3.5	   4.9	   2.0	   $2.4	   $3.6	   $5.58	  

Feeder	  9E	   4.8	   6.7	   3.0	   $3.6	   $5.5	   $8.37	  

Water	  
Plant	   2.1	   2.9	   	  	   	  	   	  	   	  	  

Feeder	  7E	  
&	  9E	  	   8.3	   11.6	   4.0	   $4.8	   $7.28	   $11.16	  

Feeders	  7E,	  
9E	  &	  WP	   10.4	   14.4	   5.0	   $4.8	   $9.1	   $13.95	  
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The California ISO Duck Chart (2012 – 2020) 

5,300	  MW	  
8-‐11am	  

PotenJal	  	  
over-‐generaJon	  

13,100	  MW	  
5-‐8pm	  
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CAISO Duck Chart (2020 Issues) 

5,300	  MW	  
8-‐11am	   PotenJal	  	  

over-‐generaJon	  

13,100	  MW	  
5-‐8pm	  
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Flattening the Duck – Import/Export 

Import/Export	  

Need to study how much California can export, expected pricing, 
and whether additional regional coordination is advisable 
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Flattening the Duck – Demand Response 

Demand	  Response	  

California set a target of 1.5 million electric vehicles by 2025,  
representing an additional load of 10,000 MW  
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Flattening the Duck – Energy Storage 

Energy	  Storage	  

California set a target of 1.325 GW of new cost-effective storage by 2020 



Making	  Clean	  Local	  Energy	  Accessible	  Now	  

	  	  

22 

Flattening the Duck – Curtail Solar 

Curtailment	  

Can also curtail baseload by scheduling maintenance during shoulder months 
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Flattening the Duck – Aggregated Solutions 

The reflected aggregated solutions include imports/exports, 
demand response, energy storage, and solar curtailment 
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Replace SONGS – DG/Storage + Advanced Inverters 

$80	  million	  
2	  Synchronous	  Condensers	  
San	  Luis	  Rey	  SubstaJon	  

450	  MVAr	  
(minus	  line	  losses	  =	  	  400	  MVAr)	  

vs.	  

800	  MW	  of	  DG	  solar	  +	  storage	  with	  advanced	  
inverters,	  oversized	  by	  10%	  set	  at	  0.9	  Power	  
Factor	  =	  400	  MVAr	  
	  

CAISO	  proposed	  320	  MW	  DG	  solar	  +	  580	  MW	  
storage	  =	  900	  MW	  (plus	  1,400	  MW	  of	  nat	  gas)	  
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Distributed Voltage Regulation – Location Matters 

“The	  old	  adage	  is	  that	  reacJve	  power	  does	  not	  travel	  well.” 	  	  
	  

	   	   	   	   	   	   	  Oak	  Ridge	  NaEonal	  Laboratory	  (2008)	  

Source:	  Oak	  Ridge	  NaJonal	  Laboratory	  (2008)	  

	  
T&D	  lines	  absorb	  
8-‐20x	  more	  reacJve	  
power	  than	  real	  
power.	  
	  

Prevent	  Blackouts:	  
When	  a	  transmission	  
path	  is	  lost,	  
remaining	  lines	  are	  
heavily	  loaded	  and	  
losses	  are	  higher.	  
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Hunters Point Community Microgrid Project 

Overview	  

!   InnovaJve	  project	  in	  the	  Bayview-‐Hunters	  
Point	  area	  of	  San	  Francisco,	  in	  
collaboraJon	  with	  Pacific	  Gas	  &	  Electric	  

!   Model	  for	  achieving	  25%	  of	  the	  total	  
energy	  consumed	  in	  the	  area	  from	  local	  
renewables,	  while	  maintaining	  or	  
improving	  grid	  reliability	  and	  power	  
quality	  using	  dynamic	  grid	  soluJons	  

!   The	  Hunters	  Point	  substaJon	  serves	  
~20,000	  customers	  (about	  90%	  
residenJal,	  10%	  commercial/industrial)	  
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Hunters Point Project in San Francisco 

	  	  
Get	  25%	  of	  electric	  energy	  consumed	  within	  Hunters	  Point	  substaOon	  

(Bayview	  and	  Hunters	  Point	  neighborhoods)	  from	  local	  renewables	  
while	  at	  least	  maintaining	  grid	  reliability	  and	  power	  quality	  
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Hunters Point Substation Boundary 	  	  Hunters Point Substation Boundary 
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Hunters Point Reasonable DG Potential = 58 MW, Over 
25% Total Energy 

DG	  PotenJal:	  	  Over	  25%	  of	  Total	  Load	  (320,000	  MWh)	  
•  New	  PV	  in	  Bayview	  =	  30	  MW,	  or	  46,000	  MWh	  
•  New	  PV	  in	  HP	  Redev	  Zone	  =	  20	  MW,	  or	  32,000	  MWh	  
•  ExisOng	  DG	  =	  8	  MW	  (PV	  equivalent),	  or	  13,000	  MWh	  

Type	   Capacity	  
(Avg.	  MW)	  

Output	  
(Annual	  MWh)	  

New	  PV:	  	  Commercial	  +	  MDUs	   14	   21,000	  

New	  PV:	  	  ResidenOal	   13.5	   21,000	  

New	  PV:	  	  Parking	  Lots	   2.5	   4,000	  

New	  PV:	  Redev	  Zone	   20	   32,000	  
	  

Total	  New	  PV	   50	  MW	   78,000	  

ExisOng	  PV	  Equiv.	  
*	  Includes	  2MW	  biopower	  from	  
wastewater	  plant	  @	  60%	  
capacity	  

8	   13,000	  

Total	  DG	  PotenOal:	   58	  MW	   91,000	  
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Hunters Point Economic Benefits from 50 MW New DG 

Source:	  	  NREL	  JEDI	  calculator.	  	  Based	  on	  average	  installed	  cost	  of	  $2.75/W(dc)	  before	  taxes	  &	  incen5ves	  using	  PG&E	  rates/region.	  

Economic	  Benefits	  
	  

$200M:	  	  Added	  regional	  economic	  sJmulaJon	  

$100M:	  	  Added	  local	  wages,	  near-‐term	  plus	  annual	  

1,270	  Job-‐Years:	  	  New	  near-‐term	  regional	  employment	  

520	  Job-‐Years:	  	  New	  ongoing	  regional	  employment	  

$10M:	  	  Site	  leasing	  income	  for	  property	  owners	  

$5.8M:	  	  Added	  construcJon-‐related	  state	  sales	  taxes	  

Photo	  courtesy	  of	  GRID	  AlternaJves	  

$200M	  in	  Private	  Investment	  +	  OperaOons	  &	  Maintenance	  Over	  20	  Yrs.	  Equals:	  



Making	  Clean	  Local	  Energy	  Accessible	  Now	  

	  	  

31 

Hunters Point Project Deliverables 

DG	  Survey	  

3Q	  2014	  

✔	  

4Q	  2014	  

✔	  

2Q	  2014	  

•  IdenOfied	  50	  MW	  of	  new	  PV	  potenOal:	  	  commercial,	  residenOal,	  parking	  lots	  
•  ExisOng	  DG	  includes	  2	  MW	  wastewater	  biopower	  (6.5	  MW	  PV	  equiv.)	  

Benefits	  
Analysis	  

Baseline	  
Model	  

OpOmized	  
Scenarios	  

Results	  

•  DG	  Economic:	  	  $200M	  in	  local	  sOmulus,	  $100M	  going	  to	  local	  wages	  
•  DG	  Environmental:	  	  78M	  lbs.	  of	  GHG	  eliminated	  per	  year,	  15M	  gallons	  of	  
water	  saved	  per	  year,	  375	  acres	  of	  land	  preserved	  

•  Required	  data	  sets	  and	  circuit	  model	  from	  PG&E	  
•  Model	  of	  exisOng	  powerflow,	  validated	  by	  PG&E	  

•  OpOmal	  mix	  of	  DG,	  dynamic	  grid	  soluOons,	  and	  physical	  locaOons	  
•  Cost-‐opOmized	  scenarios	  

•  Standardized	  reports,	  modeling,	  and	  methodologies,	  setng	  the	  stage	  for	  
implementaOon	  (Phase	  2)	  and	  industry-‐wide	  scalability	  

•  Streamlined	  &	  scalable	  procurement	  &	  interconnecOon	  	  
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Peek at the Future of Bayview-Hunters Point 

Ecoplexus	  project	  at	  the	  Valencia	  Gardens	  Apartments	  in	  SF.	  	  ~800	  kW	  serving	  ~80%	  of	  the	  total	  annual	  load.	  
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Back-up Slides!
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Renewables + Intelligent Grid Solutions = Reliable 

The German power system, which incorporates enough rooftop solar to meet 
half the country's peak energy needs, set a global reliability record in 2011. 

2012	  Solar	  PV	  Capacity	  as	  %	  
of	  Peak	  Demand	  

Source:	  Union	  of	  Concerned	  ScienJsts,	  SEIA	  2013	  	  
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Natural Gas Has Integration Costs 

Natural gas plants often shut down unexpectedly, forcing energy consumers to foot 
the bill for reserves and frequency response.	  

Source:	  CAISO	  Summer	  
Loads	  and	  Resources	  
Assessment	  (2013)	  

More than half of the outages associated with conventional generation are unplanned 
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Natural Gas Is Not The Solution 

2010	  San	  Bruno	  natural	  gas	  pipeline	  explosion	  

Future generations will be asking what we were thinking (or smoking).  You 
allowed massive quantities of toxic chemicals to be injected into the earth, and to 
contaminate ungodly volumes of water, in pursuit of a highly flammable gas that 
would be routed through your neighborhoods and into your homes?!  WTF? 
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Natural Gas Is Not Reliable 
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Hunters Point Scale: Cost Benefit 
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550 MW CCNG Annual Fixed and Variable Power Plant Costs 
$/MWh 

Total Costs 

Variable 
Costs 

Fixed 
Costs 

Busbar	  wholesale	  cost	  
from	  plant	  
2015:	  $11.7	  ¢/kWh	  
2024:	  $17.1	  ¢/kWh	  
2034:	  $21.7	  ¢/kWh	  
	  
LCEO:	  $15.4	  ¢/kWh	  
	  

	  	  Hunters Point Solar LCOE is less than CCNG 
N
AT

U
RA

L	  
G
AS

	  
SO

LA
R	  

500 kW Solar achieves lower LCOE than new natural gas generation – 
Hunters Point average expected commercial size = 650 kW 

Source:	  	  CEC,	  2010	  
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Zero Net Energy is Key Driver for Smart Buildings 
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Guided Siting:  Locational Value, Interconnection 

SCE	  Share	  of	  12,000	  MW	  Goal	  

Source:	  	  SCE	  Report	  May	  2012	  	  
Guided	  SiOng	  Saves	  Ratepayers	  50%	  

•  LocaOonal	  Value	  
methodology	  should	  
include	  transmission	  
costs.	  
	  

•  InterconnecOon	  
policies	  should	  favor	  
high	  value	  locaJons,	  
reduce	  cost	  
uncertainty	  for	  
developers.	  
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Import/Exports – Transmission Not the Issue 

Source:	  CAISO	  2013	  Summer	  Loads	  &	  Resources	  Assessment	  (May	  6,	  2013)	  

2012	  Peak	  Daily	  
ISO	  Imports	  =	  
~11,500	  MW	  
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Advanced Inverters – Reactive Power 

P	  
90%	  

Q	  
	  	  43.6%	  

S	  
100%	  

REACTIVE	  (Q)	  

REAL	  (P)	  

P:	  Real	  power	  (kW)	  
Q:	  ReacJve	  power	  (kVAr)	  
S:	  Total	  power	  (kVA)	  

100	  kW	  solar	  PV	  AC	  power	  
100	  kVA	  inverter	  capacity	  
0.9	  power	  factor	  
43.6	  kVAr	  reacJve	  power	  
90	  kW	  real	  power	  

Standard-‐sized	  inverter:	  
Diverts	  up	  to	  10%	  solar	  capacity	  to	  

provision	  reacJve	  power	  

Advanced	  Inverter	  at	  0.9	  Power	  Factor	  =	  43.6%	  reacOve	  power	  
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Advanced Inverters – Reactive Power (Oversized) 

P	  
100%	  

Q	  
	  	  45.8%	  

S	  
110%	  

REACTIVE	  (Q)	  

REAL	  (P)	  

100	  kW	  solar	  PV	  AC	  power	  
110	  kVA	  inverter	  capacity	  
0.9	  power	  factor	  
45.8	  kVAr	  reacJve	  power	  
100	  kW	  real	  power	  

Oversized	  inverter:	  
•  No	  reducJon	  of	  PV	  real	  power	  
•  Draws	  up	  to	  10	  kW	  real	  power	  

from	  the	  grid	  
•  Provides	  reacJve	  power	  24/7/365	  

P:	  Real	  power	  (kW)	  
Q:	  ReacJve	  power	  (kVAr)	  
S:	  Total	  power	  (kVA)	  
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Regulation: Faster, More Accurate Solutions 

Ideal flexible resources should look like storage, not natural gas –  
faster, more accurate, cleaner, and full capacity to dispatch and absorb power. 

 
 
ConvenOonal	  Spinning	  Generator	  

Flywheel	  Storage	  

Storage	  provides	  
both	  supply	  and	  

demand	  
Faster	  and	  more	  accurate	  

regulaJon	  =	  less	  MW	  required	  



Making	  Clean	  Local	  Energy	  Accessible	  Now	  

	  	  

45 

Advanced Inverters Keep Voltage in Balance 

Advanced	  inverters	  have	  been	  programmed	  to	  deliver	  reacJve	  power	  in	  Germany	  
and	  Georgia	  Power’s	  territory.	  
	  

Proposed	  changes	  to	  IEEE	  1547a	  and	  UL	  standards	  will	  allow	  advanced	  inverters	  to	  
provide	  reacJve	  power	  for	  voltage	  regulaJon	  in	  California.	  

Source:	  EPRI	  (2011)	  
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Flattening the Duck – Demand Response 

Source:	  PG&E	  and	  CPUC	  meeEng	  12/11/2013	  
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German Solar Pricing Translates to 5 cents/kWh 

Project	  Size	   Euros/kWh	   USD/kWh	   California	  EffecOve	  
Rate	  $/kWh	  

Under	  10	  kW	   0.145	   0.1903	   0.0762	  

10	  kW	  to	  40	  kW	   0.138	   0.1805	   0.0722	  

40.1	  kW	  to	  1	  MW	   0.123	   0.161	   0.0644	  

1.1	  MW	  to	  10	  MW	   0.101	   0.1317	   0.0527	  

!   Conversion rate for Euros to Dollars is €1:$1.309 
!   California’s effective rate is reduced 40% due to tax incentives and 

then an additional 33% due to the superior solar resource 

Source:	  hup://www.wind-‐works.org/cms/index.php?id=92,	  10	  September	  2013	  

ReplicaJng	  German	  scale	  and	  efficiencies	  would	  yield	  rooxop	  solar	  at	  only	  
between	  5	  and	  7	  cents/kWh	  to	  California	  ratepayers	  
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Flattening the Duck – Curtail Baseload 

Source:	  CAISO/NERC	  variable	  resources	  integraJon	  report	  (Nov	  2013)	  
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Import/Export Assumptions 
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Demand Response Assumptions 
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Energy Storage Assumptions 
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Curtailment Assumptions 
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Benefits of Modernizing the Grid 

!   Power Quality, Reliability & Resilience 
benefits 
!   Increased customer satisfaction 
!   Improved equipment longevity 
!   Sustained vital services in otherwise complete 

blackout scenarios 
!   Avoided transmission & central generation 

vulnerabilities 
!   Economic benefits 

!   Significant private-sector investment 
!   Substantial local job creation 
!   Fixed electricity prices for 20+ years 
!   Localized energy spending 
!   Avoided inefficiencies of central generation & 

transmission 
!   Environmental benefits 

!   Avoiding dirty power generation, including nasty 
peaker plants that are often sited in underserved 
communities 

!   Utilizing built-environments and disturbed lands for 
generation projects 

!   Preserving pristine environments from 
transmission lines and other infrastructure 
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The Fossil Free Future is Arriving 


