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Executive Summary
A Ontario Sandbox effort and how it is under review in light of Smart Grid Award to Ryerson U.
A US NIST Smart Grid Interoperability Panel transition to global SGIP 2.0 Membership

Agenda

| have contacted the authors of the following papers and presentations and they welcome the opportunity to
have me share them with CEATI on the topic of the Integrating Renewables into the Home ( Net Zero Homes)

A 2010 Modular power manager and gateway: an approach to hosteegrid energymanagement
anddemand responsd@imothySchoechle, Ph. D. 2010-16

Integrating Renewables into Homes and Buildings(Elaboratidviamteling Distributed Premises
Based Renewable Integration Using HOMER) @ 2011 GRID INTEROP

Heart AkersonCEO Heart TransverteEPRI PQ and Smart Distribution 2010 Conference
Heart Akerson at OSI Soft Conference at 2013
CABA Home Area Networks in a Smart Grid @ Smart Energy Canada (if time permits)
Transverter ETL/CSA Approval IEEE 1547 received.

Discussion
SGIP Distributed Generation Microgrid Priority Action Plan
Home 2 Grid DEWG White Paper on micro grid and micro gen including behind the meter

To Po Do Do Do Do Do



Enabling Interoperable Solutions
AThe modernized electrical power grid is
expanding
ASGIP asesSmart Grid growing pairisy
i Comprehendin@®dza 1 2 YSNAE Q NI I dzA

I Engaging alitakeholderdo identify and solvecritical
problems

I Encouragingpracticalimplementations

I Overseeinghe path to interoperabilitythrough Smart
Grid standardgor hardware software andsystems




Why Achieve Interoperability

A Reducmg the distance to integrate

" Reduces installatioand integrationcosts

Createswvell-defined points in aystem for new
applications

Enables substitution of automated components
Provides an upgrade path that preserves system operati
Increases opportunity for multiple vendors to compete

Allows for easier integration of new capabilities & feature

More information available on SGIP.org
p: 781-876-8857 | e: info @SGIP.org




Smart Grid Interoperability Panel

- ° 7 orchestrates the work

behind power grid
modernization




SGIP Reduces Risks and Costs

A Optimizes resources and time
A Avoids proprietary vendor loek
A Helps build technology roadmaps
A Simplifies decision making
SGIP Is a collaborative, transparent
and trustedforum to share standards
iInformation and practical handson

knowledge about deployments from
Industry experts.




Smart Grid Conceptual Model

TheSGIFSmart Grid Conceptual Model, showing the
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More information available on SGIP.org
p: 781-876-8857 | e: info @SGIP.org



http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/SGConceptualModel
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/SGConceptualModel
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/SGConceptualModel
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/SGConceptualModel
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SGIP Member Groups Activities
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SGIP Members

A Electric Utilities

I Investor Owned Utilities, Rural Electric Cooperatives,
Municipal

I Renewable Power, Transmission System Operators, Retall
Financial Market

A Governments & Regulators
I Federal & State agencies

A Manufacturers

I Appliance, Industrial, Vehicle, Power Equipment,
Communications, Information Technology, Integrators

A Associations and Standards Development Orgs (SD¢

More information available on SGIP.org

p: 781-876-8857 | e: info @SGIP.org




SGIP Member Groups

e Membership

[Domain Expert Workin? Standing Member

Priority Action Plans (PAPS)

Groups (DEWGS) Committees
Building to Grid | | Wireless Comm02 Wind Plant Architecture
. = = Comm- 16
i nergy Storage :
Industry to Grid /| Interconnect- 07 || Facility Smart Grid e,
i | Info Std- 17 i
Home to Grid ) Distribution Grid Implemﬁ:ntatlon
: : Mgmt - 08 Wholesale Demand Methods
Veh|C|e to G”d Response 19 ) . )
h — " (Standard DR & DEP Testing & Certification
Transmission & : Green Button ESPI
o Signals 09 _
8 Distribution J Evolution- 20
( i i y | Map IEEE 1815 to
\ Business & Policy | IEC 6185012 Weather Info- 21
[ Distributed Renewables) Power Line EV Fueling
| Generation& Storage Comm- 15 Submetering 22

Conceptual Model _ r ) Standards Catalog of
& Roadmaps [Requwement% Use Cases Whitepapers' Evaluations Standards

More information available on SGIP.org

p: 781-876-8857 | e: info @SGIP.org
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Grid-Interop

Modeling distributed premises-based renewables
integration using HOMER

Nathan Johnson (HOMER Energy)
Peter Lilienthal (HOMER Energy)
Timothy Schoechle (Smarthome Laboratories, Ltd.)

D #GridInterop




[ Tim-Schoechle-YPGSQYVG-13434

Grid-Interop e
Integrated modeling and control of
smart microgrid power systems

G #GridInterop Phoenix, AZ, Dec 5-8, 2011 2
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Full Screen

Close Full Screen

Grid-Interop Smart microgrids

Energy management
 Arbitrage
 Demand response
* Frequency control

Distributed generation and storage

9

« Combined heat and power

* Wind

* Electric vehicles

» Batteries)fly wheels, hydrogen tank, reservoir

L] #Gridinterop Phoenix, AZ, Dec 5-8, 2011 3
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Grid-Interop

Premises-based energy system architecture
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o HEART

Cransuerter

The Heart Transverter

The HT2000 power module is a Universal Power Converter that
bi-directionally transfers power between any combinations of its
four connections.

The Transverter can simultaneously be any combination of
iInverter, grid -tie inverter, UPS, solar charge controller, DC-DC
converter, and programmable power supply.

016



+ HEART

Cransuerter

Smart Grid Product Line

Transverter

Load Controller

Micro Utility

ABidirectional Inverter
AUninterruptible Power
ADC & DC Converter
ASolar Charge Control

ADemand Response
ALoad Management
AData Logging
APower Analysis

AEnergy Computer ™
AEnergy Storage
AEnergy Operator System

HT 2000-Transverter

T13-X Load Controller

HTREM Remote Panel

®17
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GricHntermp HOMER model—i@é

Simulation Hourly for one-year: generation, storage, use

10

Optimization Lowest net present cost for each system configuration

Sensitivity Test power system robustness

5] #Gridinterop Phoenix, AZ, Dec 5-8, 2011 Grid=Intero D 201 %
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SgllPSl  Residential solar PV in Boulder, Colorad

Full Screen

ull Screen

0

Use: single family, July peak

Generation: grid, PV

Storage: battery bank

Primary Load 1
11 kwh/d
2.3 kKW peak

Converter S4KS25P

AC DC

Conversion: Transverter™

Power system configuration options

G #GridInterop

Phoenix, AZ, Dec 5-8, 2011
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Grid-Inter
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Full Screen

Technology parameters

Solar PV
2.6 kW max capacity, $4000/kW, 25-year lifetime

Transverter™
2 kW, 91% rectifier efficiency, $1500, 15-year lifetime

Battery

Surrette 4KS25P, flooded lead-acid, 7.6 kWh, $1200,
$60/yr O&M, max throughput ~10,600 kWh

L] #Gridinterop Phoenix, AZ, Dec 5-8, 2011 8
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Time-of-use pricing
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! - : I Offpeak 1
d  (pilot program)  ($/kWh) B O ek o sommer |
|| Off-peak 0.100 oo B ockaays |
1 W Weekends 1
'l On-peak (summer) 0.249 080 \
! 2 1
'1 On-peak (non-summer) 0.121 % 120 :
I - :

I 1=

-k i

1 NS
| 1
: 20:0 1
Tiered Price | :
(typical rate) ($ | kWh) : 24007 an "Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |
| 1
Non-summer 0.105 e it 4

Summer (< 500 kWh) 0.107
Summer (>= 500 kWh) 0.157

L] #Gridinterop Phoenix, AZ, Dec 5-8, 2011 Grid=interop 201 %
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Full Screen

Sensitivity analysis

e Transverter™ cost Capacity REC

rebate ($ /W) ($ / kWh)

« Battery cost 1 1.75 0.04
2 1.00 0.09

.« Cri - - 3 0.50 0.11
Grid electricity price ; X X7

 Real interest rate

 Energy management controls

L #Gridinterop Phoenix, AZ, Dec 5-8, 2011 1o
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Grid-Interop Optimal System Type graph (OST)
5000 ~ - - -
7,572 7,572 7,512 7572 7,572 6,240 System Types
|:|Sr|::l
No rebate [ riarv
510"021 Superimposed
.:CDC{.::.\ t';'\ y Total NPC (5
“.s72 Sl 3,640 Fixed
Rebate Step 4 e _
S4KS25P Capital MuEiplier =
{ . 56,868 4 Conv. Capital Multipher = 1
—_ 7572 £ 568 2,340 Interest Rate = 6 %
=
-
~~ 3000 } © 1
w 7,572 4,268 1,040
o
%
o
o
= ' ¢ 1
= 7,572 2,318 810
2 2000
; Rebate Step 1
a $7,680 Rebate Step 2 Rebate Step 3
$6,949 $7,177
1000 ¢ £ L 3 L & 4 B
8,542 4,430 1,749 77 932 4,160 =
PV capital cost ($/kW)=1450+200x REC (¢/kWh)
3,942 1,830 851 1923 3532 5,760
0 : - ; ; ; . - . + . . Py .
0.00 0.05 0.10 0.15 0.20
REC (USS / kWh)
Net Present Cost for Grid only: $7,572
E ;#Gridlnterop Phoenix, AZ, Dec 5-8, 2011 11
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Grid-Interop

Battery and converter use
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Sensitivity analysis

Battery cost needs to reduce by 90% to be cost-
effective

A 10% increase in grid electricity price increases the
cost of a grid-only system by $626, and a grid/PV
system by $76

A $1,000 decrease in Transverter™ cost is equivalent
to a reduction in PV capital cost of $500 to $800 / kW

Reducing the real interest rate improves the cost-
effectiveness of a grid/PV system

L) #Gridinterop Phoenix, AZ, Dec 5-8, 2011

op 207 %
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Full Screen
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Demand response
* Individual load modeling
* Prioritization of loads
e Controls for individual household loads
* Programmable dispatch decisions

Link microgrid modeling with real-time control

Intermittent grid failures

L-] #Gridinterop Phoenix, AZ, Dec 5-8, 2011 srid=lnterop 201 fa
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Full Screen
Close Full Screen

Questions?

Nathan Johnson
nathan@homerenergy.com

Peter Lilienthal
peter@homerenergy.com

Timothy Schoechle
timothy@schoechle.org

Download software at www.homerenerqy.com

|- #Gridinterop Phoenix, AZ, Dec 5-8, 2011 s |




Hydro
\/ \ / =202 | wsiaren msmirure yQuebec

Heart Transverter

Implementing the Smartest Grid
for the Least Amount of Time
and Money AC

Heart Akerson DC AC
CEO Heart Transverter S.A.

EPRI PQ and Smart Distribution
2010 Conference and Exhibition

Transporting You into the 215t Century Distribution
System
June 141 17, 2010

DC




The Popular Smart Grid Idea: Data Intensive Monster
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Real time decisions
involve detailed
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Apattment
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This idea depends on an extremely complicated
high speed communications network that is a
combination of HAN, FAN/AMI, WAN & LAN
(the blue dotted lines). The software to
manage this amount of data processing will
be cumbersome and introduce major new
security risks.

The Grid could be inundated with
calls about why
washing machine

There is no autonomous energy
security for the office or home.

PQ and Smart Distribution 2010 Conference and Exhibition

E 2010 Electric Power Research Institute, 1Inc. A0l righ

CPE' ELECTRIC POWER
RESEARCH INSTITUTE

ts reserved.



The Problem: Dynamics of the Typical Home or Office

) 100 houses need 170 kW
1.7 kW 100 amp service average with possible
average load 24 kW peak load peak of 2.4 MW

Typical load varies between
100 kW and 270 kW

Electricity is mostly billed by the kwh but the
dynamics heavily influence the true cost.

Peaker plants deal with the dynamics but use This brings up ideas of
hydrocarbons, are expensive and pollute. complex rate structures

for peak and off-peak.

The hidden cost of Renewable Energy is more
dynamics which means more peaker plants.

There is a driving need

Imagine a world where the houses used a flat for energy security.
1.7 KW with no dynamics. Imagine a world
where RE was integrated into every home

driving the grid load to a flat 1.2 kW, still with
no dynamics.

This is the REAL SMART GRID.

PQ and Smart Distribution 2010 Conference and Exhibition CPE' ELECTRIC POWER

- . . . RESEARCH INSTITUTE
E 2010 Electric Power Research Institute, I nc. ANl rights reserved.



The Real Smart Grid (One House at a Time)
Local Data - Local Decisions
Global Summaries - Global Guidelines

l Heaterl l Frig. I

6 Relays with Current Sensing (30 amp)
T13X AMI & Load Management

100 amp service Y

PHEV

4 Line Voltage & Current Sensing (100 amp)

~\ I 920 watts solar ]
4 kW Power Modules expands to 4 kW

|Ac GriD| [AC Generator |
A > AC N 6 kWh B Bank
— <> attery Ban
4 kW critical loads, (A‘C out  bata Y, Lead Gel or Li-ion
lights, electronics,
frig., UPS

R - LAN to GRID,
Neighbors, Smart
ane Appliances

PQ and Smart Distribution 2010 Conference and Exhibition CPE' ELECTRIC POWER
e RESEARCH INSTITUTE

E 2010 Electric Power Research Institute, I nc. :Sidl rights reserved.



Typical House or Office System (One House at a Time)

I

Boulder 4 kW UPS, 920 w Solar, 138 kWh solar per month JQUANTITY]JCOST EXTENDED
SOLARWORLD SW230-mono MODULE 230W 24V MC4-Blug 41 % 928 | $ 3,712
TRANSVERTER POWER MODULE 2000W 21 % 2,000 | $ 4,000
TRANSVERTER REMOTE PANEL 1]1% 200 | $ 200
TRANSVERTER T13X (Smart Grid in a Box) 11% 600 | $ 600
MK S31-SLD-G 12 V 108AH BATTERIES GEL 6|% 262 | $ 1,572
Hardware, wires and other B.O.S. $ 782

TOTAL $ 10,866

IMPACT OF 100 HOUSE PROJECT
AEND USER COST $1,087K, RAW MATERIALS $746K, LOCAL INSTALLERS $341K

AREDUCED ENERGY CONSUMPTION BY 20% SAVING OVER 23 MWH / MONTH
APRODUCING 13.8 MWH SOLAR / MONTH AND REDUCING GRID BY 37 MWH/MONTH
ASOLAR CAN BE EXPANDED UP TO 60 MWH / MONTH AT CUSTOMERS OPTION
AAUTOMATIC SURGE ASSIST TO GRID OF 400 KW

AA\UTOMATIC POWER FACTOR CORRECTION TO GRID OF 400 KW

AEEP DATALOGGING, REAL TIME INFORMATION & DOCUMENTATION

A0OO AMP SERVICE Y 50 AMP SERVICE BY AUTOMATI C LOA
CUTS THE COST OF THE ELECTRICAL INFRASTRUCTURE IN HALF

ACOMMUNITY ENERGY STORAGE CAPABILITY IN PLACE (JUST SET THE RULES)
ANDIVIDUAL HOME ENERGY SECURITY, 6 KWH OF BATTERY BACKUP + SOLAR
AEEDS THE R&D EFFORTS OF EVERYTHING IN ENERGY & SMART GRID SECTORS

PQ and Smart Distribution 2010 Conference and Exhibition CPE' ELECTRIC POWER
e RESEARCH INSTITUTE

E 2010 Electric Power Research Institute, I nc. J:3iedl rights reserved.



. HEART

Cransuerter

Differentiating Features

Bi Directional
Inverter/Charger

Demand
Response

Power Factor
Compensation

DC - DC
Converter

Solar Charge
Control

Zero Switchover
UPS

AC Source
Surge Assist

Micro Utility
Function

Data Logging
and
Communications

34



Making Renewable Energy Real (One House at a Time)

Charging .485 kWh

8% battery capaci
@ C/19

Discharging .474 kWh

S

323 watts

3%

Zergy (MW)

Scaled to 1 House 2.7 kWN

Energy Storage to Address RE Generation

Major value of storage

Costs of More Wind Than Forecasted:
* Value of Day-Ahead contracts not realized
+ Day-Ahead Nominated Gas Not Used

* Power plant cycling

* Timeshifting of Energy and Capacity
* Regulating Reserves
* Reduce Power Plant Cycling

Forecasted Load

Actual Wind

AL Ny

Forecasted Wind

8% battery

capacity @ C/28

PQ and Smart Distribution 2

E 2010 Electric

Note: At the utility scale,
energy storage only
needs to cover relatively
small fluctuations

0123456 7 59011 123314 15 16 17 18 19°20

21 22 23 24

» Power Plant Cycling

Costs of Less Wind Than Forecasted:
+ Spot market electric purchases

+ Greater peaker “wear & tear” costs due to more
starts/stops than assumed in Retail rate design

+ Potential depletion of gas system pressure due

to higher than expected peaker starts/usage
@7 Xeslttnergy:

el

« »NREL

1
S=?
2

010 Conference and Exhibition

Power Research Institute,

nc. BBl rights reserved.

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl



Community Energy Storage (One House at a Time)

T13X SMART GRID

4 kW' OF POWER MODULES

Growing Energy Labs
CES installation in San
Francisco

14 KWh L1 "-ION' BATTERIES
Cycle Life >-10,000

PQ and Smart Distribution 2010 Conference and Exhibition CPEI ELECTRIC POWER
. ' . : RESEARCH INSTITUTE
E 2010 Electric Power Researc h Institute, Inc. ABBl rights reserve d.



I Balancing Loads with Solar, One House at a Time

Daily Charge-Discharge 3.9 kWh = 65% of 6 kWh battery

_ NREL Model
Charge @ C/10 Discharge @ C/5
4 )
3.00
2.50 —f\\
Loads /\\(——1.1 KW
2.00
— Load
1.50 — - I S — —— Solar
Dischargin
M PN — i
1.00 4 ————"
. ) — Ave,
Charginyg
0.50 - s
5
S~
1.84 kw solar/ .6 kYW \
3 6 9 12 15 18 21 24
\ J

PQ and Smart Distribution 2010 Conference and Exhibition

E 2010 Electric Power Research I nstitute, |

nc. Al rights reserved.
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I Balancing Loads with Solar, One House at a Time

Daily Charge-Discharge 3.7 kWh = 62% of 6 kWh battery
Charge @ C/14 Discharge @ C/9

4 )
2.50 . E

200 | | gads /_/t?\

/Dischargih

CA July 8th

1.50 — — — — — — Load
- Charging — Solar

1.00 S - €—1.46 kW — Diff.

/\ — Ave.

0.50 e . L
920 watts solar
0 3 6 9 12 15 18 21 24

\_ J

PQ and Smart Distribution 2010 Conference and Exhibition CPE' ELECTRIC POWER

- . . ) RESEARCH INSTITUTE
E 2010 Electric Power Research Institute, I nc. 88| rights reserved.



Two of Todayos

1 MW CES Price $1 M

complicated.

You need to pay the people
who operate and maintain
it. Real estate also extra.

Installation costly and

400 kW CES Price already paid for by the
owners. The people who operate and
maintain it work for free. Real estate

included. No installation.

PQ and Smart Distribution 2010 Conference and Exhibition

E 2010 Electric Power Research I nstitute, Il nc.

801

rights

Re al

CES

reserved.
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Advanced Waveshape Analysis & Mathematical Models

I
: o , , , L
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PQ and Smart Distribution 2010 Conference and Exhibition ELECTRIC POWER
- . . . C' E' RESEARCH INSTITUTE
E 2010 Electric Power Research Institute, I nc. AOlI rights reserved.



Advanced Data Logging (One House at a Time)
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Where do we go from here? | 7 VE

Implement 100 house test projects in every state and province.
This will: N

AEngage the individual home owners.
DC AC

AReduce the grids actual cost to provide each kWh.

A ower the cost of the electrical infrastructure.

Antegrate RE for the lowest possible cost with the highest stability. >
Arovide individual house and office autonomous energy security.

Arovide Smart Grid benefits to the grid companies while minimizing the data
processing burden.

KCreate a real test bed environment for Smart Grid software developers.

Provide a state of the art energy | ab for
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