Opening Up Markets for
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Grid 2.0
Knowing the Where and When of
Generation and Load
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http://newscenter.lbl.gov/2011/11/24/ca-emissions-2050/

The Clean Power Plan
Protects Our
Environment, Health & Economy

e Clew Power Plan v B cai bare el partan potba ey e the proeese seainr vty fubrag o maie dharge

The Plan protects our environment.

By 2030, the Plan will reduce carbon emissions
from power plants by 32% below 2005 levels,
ar ~870 million short tons. .
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Project finance: The long-term financing of
projects based upon projected cash flows rather than

the balance sheets of its sponsors.

Time to develop & build

Fixed O&M costs

Decom & SNF

50 60 70 80 90 100 110 120
==(0st ==Reovenue



Toward Efficiency as Capacity

1. Have a standard measure for
efficiency

2. Know where efficiency Is
3. Know when efficiency Is

4. Have aggregators that can provide
efficiency at utility scale

THE UNIVERSITY OF
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The Goal of
Open Energy Efficiency

Help create a standard for calculations for
energy efficiency, and provide free, open
source software that allows anyone to
measure and aggregate savings



Open Energy Efficiency Meter
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Supports Data Standards

Data
Access
HP » XML
‘@ Home Performance XML
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Open & Standard Methods

Data Data Data
Integration Cleaning § Analysis

ANSI

American National Standards institute
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Standardized M&V OP=N STANDARD

OF=N SOURC=

OF=N DATA

Joint ANSI Standard In Development:

Protocol for Quantifying Energy Efficiency
Savings in Residential Building (EE Meter)

Uniform method for measuring energy savings resulting from efficiency
improvements at the portfolio level by calculating a standard unit of gross
savings for existing residential buildings based on weather-adjusted,
metered utility data. The standard will also identify a process for qualifying
automated systems for compliance with this standard.

| —
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Amevrican National Standards Institute




Open Source License & Open
Source Codebase

0 Open Source

open source MIT License

initiative
Approved Licensa

The MIT License is a free software
license originating at the
Massachusetts Institute of
Technology (MIT). It is a permissive
free software license, meaning that
it permits reuse within proprietary
software.

~

. pgthon“\

Python is a widely used, open
source, general-purpose, high-level
programming language. Its design
philosophy emphasizes code
readability, and its syntax allows
programmers to express concepts
in fewer lines of code than would be
possible in languages such as C++ or
Java.

/




¥ Inbow (23 11 Efficiency i | Blockchn ® Proposals = parkel-b % My Orive = Opan EE |

TEYETEI LEF

oL
Q‘J This repository Explore Gist Blog Help goldenmatt +~ [ & >
datamade / open-ee-meter @ Unwatch~ 5  glnstar 2 Y Fork 1
js branch: master ~  Open-ee-meter / data / processors / contractor_data_prep.py =B
L& ]
l cathydeng on Dec 22, 2014 add gross savings data prep for contractors, add contractor layout, e...
1 confributor @
253 lines (211 sloc) 10.881 kb Raw Blame History (@ [
import pandas as pd
from pandas import to_datetime
import numpy
import json .
import re
import os tn

projects = pd.read_csv( “build/merged.csv")
loc = pd.read_csv( "buildslatleng_clean.csv"})

merged = projects.merge{loc, on="zipcode™)

contractor_dict = {

"electricity iou": {
'contractor_names' : ['Contractor 12°],
‘actual_col' : 'weather_normalized_yearly kwh_savings',
'pred_col': ‘predicted_yearly_kwh_savings’',
'hist_chunks® : [float(i)/2 for i in range(-8, 9)]
}e

gas_fou': {
'contractor_names' : [ 'Contractor 12'],
'actual_col' : 'weather_normalized_vearly therm_savings',
'pred col': "predicted wearly therm savings®,



11 Efficiency

® Proposals = Markel-b

# OpenEEMeter

Tutorial
Introduction
Installation
Using an existing meter
Loading consumption data
Creating a custom meter

Caching Weather Data

Using an existing meter

This tutorial will walk through how to use an existing meter to evaluate the energy consumptionof a
portfolio of buildings.

For this tutorial, we’ll use sample data, but please see below for a tutorial on connecting to a
database, importing Green Button XML, or importing Home Performance XML.

We will start by creating a portfolio by specifying distributions to draw parameters for simple
temperature sensitivity models of electricity and natural gas consumption.

The following parameter distributions are for generating fake data using a model which takes both
heating degree days (HDD) and cocling degree days (CDD) into account. This is a suitable model for
monthly electricity consumption.

from eemeter.models import TemperatureSensitivityModel
from scipy.stats import uniform

electricity_consumption_model = TemperatureSensitivityModel(heating=True,cooling=True}

electricity param_distributions = {
"eooling slope": uniform{lec=1, scale=.5), # consumptior
"heating_slope”: uniform{loc=1, scale=.5),
"base_consumption”: uniform(loc=5, scale=5),
"cooling_reference_temperature": uniform{loc=78, scale=5), # degf
"heating_reference_temperature": uniform{loc=68, scale=5)

}

electricity_param_delta_distributions = {
"cooling_slope": uniform{loc=-.2, scale=.3), # change in HOD temperature sensitiv
"heating_slope”: unifora{loc=-.2, scales.3), # change in HOD temperat

"base_consusption": uniform(loc=-2, scale=l), #
"e¢paling reference_temperature": uniform(loc=8, scale=Q), #
"heating_reference_temperature": uniform{loc=8, scale=a)
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CalTrack

The CalTrack System will automatically calculate
and report realized savings for every
participating residential energy efficiency project
In California based on standard input data
formats and analysis methods.
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CalTrack Pilot: Alpha Version
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CalTrack Pilot: Beta Version
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Enabling Third Party
Procurement

Behavior Change Equipment

Pace Providers :
Providers Manufacturers



Open EE Meter’s Distributed
I Architecture
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Shifting to Pay-4-Metered Performance

SB-350 / AB-802, signed into CA law in Oct 2015

e Increase of CA EE goals by 50%

Redefines EE as normalized metered performance
Removes regulatory barriers (code baseline, behavior, etc)
Requires CPUC to run P4P pilots

Implementation starts January 15t 2016

ground & Goals

" PG&E will launch
* Residential retrofit programs experiencing slow growth
Pay-4-Metered Performance | and low cost effectiveness
) . . = Broad stakeholder support for Pay for Performance Pilot
PIlOtS for 201 6 ° — EMiciency First, NRDC, TURN, Dian Greuneich, SolalREN, & Legislature
e Open markets T
. Scalable program performance “at
e Savings based on EE Meter design the meter”

e Pay forresults




Efficiency Programs Pay-for-Performance




How It Works

Savings

Paying for for actual savings at the meter

* Encourage savings persistence not just one time projects
* Relieve the requirement to regulate business models

Aligning incentives with results

e Revenue and profitability from performance at the meter
e Transfer performance risk from regulators to market actors

Turn Efficiency into a cash flow

Profit

Product

e Pay for actual results over time as a cash flow that can be securitized

e Getrid of program overhead and encourage competitive market



Benefits of Pay-for-Performance
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e Reliable returns at a portfolio level
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Thank You

Questions?

Matt Gee

Senior Research Fellow
Center for Data Science and Public Policy
University of Chicago
mattgee@uchicago.edu
@matthewgee

Co-founder and CTO
Open Energy Efficiency

8| THE UNIVERSITY OF
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CalTrack Technical
Requirement Areas

e Data Access

« Data Integration

e Data Quality

e Data Analysis

e Data Aggregation

« Data Visualization & Reporting

2| THE UNIVERSITY OF
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Issues with Data
AcCcessSs

& * Required to Access
* Project Data

e Usage Data
 Weather Data

* Required of Access

e Structured
000  Automated
0 - * Reliable
e Secure

e Key Issues

._1_.@ e Standard Sources

e Authentication
e Consent
« Data exchange format

@ THE UNIVERSITY OF

Open Energy Efficiency C H ICAG O



Overview of Data
Integration

* Required to Integrate
* Project Data
 Usage Data
 Weather Data

e Required of Integration
« Standard
« High match rate

e Key Issues
* Unique identifiers
e Deduplication

* Weather station
matching

@ THE UNIVERSITY OF

Open Energy Efficiency C H ICAG O



Overview of Data
Cleaning

e Required to Clean
* Project Data
» Usage Data
« Weather Data

* Required of Cleaning
e Standard
« Reproducible
* Consistent with estimation
methods
» Key Issues
e Missing values
o Extreme values
 Miscoded values
» |nsufficient data
* Imputation & deletion

8| THE UNIVERSITY OF

Open Energy Efficiency &8 CHICAGO



e Overview of Data
Analysis

» Required Analyses

* Weather-normalized savings estimates
using monthly billing data

* Weather normalized & behavior adjusted
hourly savings estimates

* Bias-adjusted cohort savings

* Required of Analysis
» Standard
* Open

* Reproducible

» Defensible

- o Actionable
» Key Issues

« Standard monthly billing analysis
* Hourly counter-factual generation
* Model selection
« Standard errors and confidence intervals
» Post-estimation sufficiency
* Model validation
« Automated control groups

8| THE UNIVERSITY OF
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Overview of Data
Aggregation .
Aggregation

* Required for Aggregation

» Individual household savings
estimates, errors, and project data

* Required of Aggregation
» Standard

Reproducible

Distributed

Traceable

EEMeto| G Secure
r .
—) - » Key Issues
» Portfolio savings totals, averages,

& confidence intervals
« Minimum aggregation rules

« Savings attribution &
decomposition

* Anonymization
» Secure exchange and provenance
* Dedupliction & entity resolution

8| THE UNIVERSITY OF

Open Energy Efficiency &8 CHICAGO



Distributed Architecture
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Issues with Views
and Reporting

e Required for Reporting

 All meter inputs and outputs
(depending on report)

* Required of Reporting
e Flexible
e Customized
» Authorized
e Some standard reports

» Key Issues

 |dentify mfg key stakeholders
& their in ormatlon needs

* Flexible API for
development and
innovation

» Tiered access for user
types

« SEED Integration

® CHICAGO
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Data

Datdiaecess Integration

Standard sources
Unique identifiers

Secure
authentication

Deduplication

Consent

Weather station

matching
Standard formats

Data
Cleaning

Missing values

Extreme values

Miscoded values

Insufficient data

Imputation &
deletion

Data
Analysis

Standard monthly
billing analysis

Hourly counter-
factual generation

Model selection

Standard errors
and confidence
intervals

Post-estimation
sufficiency

Model validation

Control groups

Data
Aggregation

Portfolio savings
totals, averages, &
confidence
intervals

Minimum
aggregation rules

Savings attribution
& decomposition

Anonymization

Secure exchange
and provinance

Dedupliction &
entity resolution

Data
Visualization
and
Reporting

Portfolio view

Contractor view

Block generator

Flexible API for
development and
innovation

Tiered access for
user types

SEED Integration
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CalTrack Pilot: Alpha Version

Data
Cleaning

Data
Analysis

Data
Integration

Data
Aggregation

Reporting

lill}
N

2013 IOU Project
Data

Not Induced in Alph
Q Phase

Controcions

5 Procurement
2013 10U
Monthly & Regulators
J Billing Data
Datapase. ——
- Be%
Integration —
developed
during Weather Basic Contractors
Y CalTest Normalizati portfolio Two views
- - Process on based on aggregation
e CalTest + CalTest, @
.-T-. CZ2010 Weather BPI2400 UMP, and 4
Weothe Files Cleaning BPI/ACCA Ill“l
: proceedure discussions

S

Efficiency
Providers



CalTrack Pilot: Alpha
|OU Requirements

e Data Access Needs
* None! We already have the data

e Support

* None!

 Feedback

e Bi-weekly feedback calls

@ THE UNIVERSITY OF
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CalTrack Pilot: Alpha
|OU Deliverables

e |OU-specific instance of CalTrack
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CalTrack Pilot: Beta Version
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CalTrack Pilot: Beta

e Data Access Requirements
* |OU AMI DB Access
e HPXML DB Access
e Share My Data Authorization

e Support

e Minimal (weekly calls with IT at start)

 Feedback

* Bi-weekly feedback calls

2| THE UNIVERSITY OF
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Data Access Deep Dive



#

Project Data Access

Conwacions

Past

Source: Fields manually entered into
Program CRM, EPro files saved by
software, or paper forms manually
requested from contractors

Authentication: Report generated
and manually exchange between
program administrator and evaluator

Consent: Usually not collected
from participants

Format: no standard format.
Most time spent

Open Energy Efficiency

Prototype

Source: Pre-formatted database
of project data generated during
CalTest Process from Epro files
and CRMs

Authentication: Manual
Consent: Data stripped of PlI

Format: CSV

|deal

Source: Software exports HP-
XML directly to CalTrack

Authentication: Oauth

Consent: Automated upon
enrollment

Format: HPXML

THE UNIVERSITY OF

'CHICAGO




Usage Data Access

Past

Source: Manual request
reports from contractors

Authentication: Manual
exchange between

Consent:

Format: CSV

Open Energy Efficiency

Prototype

Source: Usage data
extract from CalTest

Authentication: Manual
Consent: No PlI

Format: CSV

|deal

Source:
Authentication: OAuth
Consent: Automated

Format: XML/JSON

@ THE UNIVERSITY OF

d CHICAGO




+& \Weather Data Access

Past Prototype

Source: No real agreement on weather
data, though plenty of standard
datasets to choose from (TMY2, TMY3,
CZ2010, WeatherBug, AdHoc)

Source: CZ2010 weather files

Authentication: Some weather data
sources behind pay walls, others open Authentication: none
requiring no authentication

Consent: None needed. No PII Consent: none

Data exchange format: Each source had
a standard file format, but no good Data exchange format: CSV
open weather data APIs

Open Energy Efficiency

|deal

Source: NOAA API
Authentication: APl Key
Consent: None

Data exchange format: JSON

THE UNIVERSITY OF

CHICAGO




Data Integration Deep Dive



Past

Unique identifiers: AdHoc

Deduplication: Manual

Weather station matching:
Nearest based on distance

Open Energy Efficiency

Data Integration

Prototype

Unique identifiers
*Customer ID

Deduplication
*Exact match on select fields

Weather station matching

*Nearest weather station in
climate zone based on zip code

|deal

Unique identifiers

¢ Internal CustomerID

Deduplication
*Probibalistic based on all fields

Weather station matching

*Probabilistic based on fit with
weather dependence

THE UNIVERSITY OF

) CHICAGO




Data Cleaning Deep Dive



Past

Missing values

Extreme values
Miscoded values
Insufficient data

Imputation & deletion

Data Cleanin

Prototype

Missing values

o Strict requirements of fields (no missing values)

Extreme values
« Windsorizing

Miscoded values
« Strict logic rules on allowable values

Insufficient data

« Monthly: 12-month pre & post strict requirement
« AMI: Full season strict requirement

Imputation & deletion

« Only weather data imputed. (random forest)
« All non-complying observations dropped

|deal

Missing values

¢ Flexible imputation procedure

Extreme values
« Flexible extreme value elimination (beyond 99%)

Miscoded values

* Miscoding detection
« Flexible omission of flags in views

Insufficient data

» Monthly: 12 month requirement or SE requirement
» AMI: Full season requirement or SE requirement

Imputation & deletion

» Random forest imputation for short numeric lapses
* Missing value flags

THE UNIVERSITY OF

CHICAGO

Open Energy Efficiency




Data Analysis Deep Dive



Data Analysis

Past Prototype |deal

Standard monthly billing analysis Standard monthly billing analysis
o . * Regression of ADG on HDD/CDD for baseload and weather dependent pre-post parameter estimate « Regression of ADG on HDD/CDD for baseload and weather dependent pre-post parameter estimate
Standard monthly billing analysis « Annualized against standard calendar year « Annualized against standard calendar year
« Projected forward against current weather + Projected forward against current weather

Hourly counter-factual generation Hourly counter-factual generation
+ Same regression with time dependent fixed effects « BSTS Modeling
Hourly counter-factual generation

Model selection Model selection
+ MSE + Cost-validation
Model selection

Standard errors and confidence intervals Standard errors and confidence intervals
« Standard « Autocorrelation & serial correlation corrections
Standard errors and confidence intervals « No autocorrelation adjustment

Post-estimation icil Post-estimation sufficiency
+ Minimum R2 + Adjusted fitness criteria
Post-estimation

Model validation
+ No hold-out set + Hold-out set or common validation pool
Model validation

Automated control groups Automated control groups
+ None « Synthetic controls? Hashed matching?
Automated control groups

THE UNIVERSITY OF

Open Energy Efficiency » CHICAG




Data Aggregation Deep Dive



Data Aggregation

Past

Standard monthly billing
EREWSS

Hourly counter-factual
generation

Model selection

Standard errors and confidence
[EEIS

Post-estimation sufficiency
Model validation

Automated control groups
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