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Presenter
Presentation Notes
The national and international ZERO Code was released in April 2018. It is simple. You first design the building to be in compliance with the latest version of ASHRAE 90.1. After that you install on-site renewable energy of adequate size to reach zero or alternatively, you can procure off-site renewable energy. 


National and International ZERO Code

Meeting the

ZERO CODEW

Y \J
Prescriptive Path  Performance Path
Requirements for minimum Modeled energy performance meets
building energy efficiency or exceeds the minimum building

energy efficiency requirements
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B LIGHTING
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Renewable Energy Required
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Presenter
Presentation Notes
The ZERO Code supports both a prescriptive and performance path to compliance.


National and International ZERO Code

https://zero-code.org/energy-calculator/

B ABOUTYOURBUILDING {3 ONSIEPV SYSTEMS
Code Pathway: e Prescriptivel | Performance Default Values estimate on-site building PV system potential. Uncheck Use Default Values
to enter custom inputs. If your building has multiple PV systems, add them below, @
Country United States . % PV SYSTEM Set Default Values delete @
State Colorado . Estimated Area for Collectors 75476 ¥ oft v
City @ Denver v Module Type Standard B
Number of Stories 6 % Losses (%) 10 *
Add Another Use viF
Array Type Fixed - Open Rack qd
Selected Use Type(s): Tt (Degrees) 10 Y
Offce ’ Azimuth (Degrees) 180 *
Inverter Efficiency (%) 96 *
OFFICE delete @
Gross Floor Area 60000 ¥ osoft d © Add another PV System
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Presenter
Presentation Notes
Both methods are supported by an on-line energy calculator located at zero-code.org. It is very simple to use. You just choose a location, building type, square footage and number of stories. The calculator will look up the typical EUI for those conditions and estimate the building energy use. Based on area and number of stories, the calculator estimates the rooftop collector area that is possible, but you can override this if you have additional potential, say over parking. You also enter characteristics of the on-site PV system as shown in the slide. When you click “Generate Results”, the software uses the PVWatts API to estimate on-site renewable energy potential.


National and International ZERO Code

Z E R 0 CO D E HOME ABOUT ZEROCODE ENERGYCALCULATOR CONTACT Q

v ESTIMATED BUILDING ENERGY CONSUMPTION

m RESULTS ") metric(e) imperial
50
v RENEWABLE ENERGY REQUIREMENTS
End Uses
: : Heatin
Energy Consumption & Generation B Heating
40 Cooling
kBtu/ftzyr ~ MBtu/yr -
Estimated Building Energy Consumption 28,0 16813 "o
Total Renewable Energy Required 280 1,6813 Interior Lighting
On-Site PV Generation Potential 9.0 540.4 30 M Plug Loads
Remaining Off-Site Procured Renewable Energy ~ 19.0 1,140.9 7T I Service Hot Water
L 1
I 2 M Other
n-Site PV m &
On-Site PV Syste g
Rated Capacity (kW) 20 -
Estimated Area for Collectors (ft?) Renewable Energy
M Onsite
10 Off site
0

End Uses Renewable Energy

Building Energy Consumption and End Uses are based on a code compliant prototype building modeled by
Pacific Northwest National Laboratory. Actual building energy consumption will vary from modeled results.
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Presenter
Presentation Notes
This is a partial display of the results. In this example, which is for a six story building, the rooftop PV provides about a third of what is needed. The rest can be acquired off-site. 


National and International ZERO Code
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Presenter
Presentation Notes
The national/international ZERO Code is supported by two documents that can be downloaded from the website. 
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The ZERO Code for California
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Presenter
Presentation Notes
The first change in adapting the ZERO Code for California is to substitute Title 24 for Standard 90.1-2016. We are referencing the recently adopted 2019 version, which becomes mandatory January 1, 2020. 


The ZERO Code for California

Time-Dependent Source Energy
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Presenter
Presentation Notes
Perhaps the most significant innovation with the ZERO Code for California is the metric for measuring building performance and credits for on-site and off-site renewable energy.  We are using what we call TDS or time-dependent source energy. TDV is still used for code compliance, but TDS is used to determine how much renewable energy needs to be installed or procured. TDS also provides a strong incentive to install batteries or other forms of storage and it encourages all-electric buildings. More on these topics later. 


The ZERO Code for California

Off-Site Renewable Energy Procurement

Class One

» Self-Owned

= Community Solar

» Virtual PPA

» Renewable Energy Investment Trust
Class Two

» Direct Access to Wholesale Market
» Green Tariffs

Class Three

» Unbundled RECs
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Presenter
Presentation Notes
There are a number of procurement options for off-site  renewable energy. 
The first class has a high probability that additional renewable energy will be added to the grid and represents a long term commitment. 
The second class is less desirable because customers can opt out.
Unbundled RECs are in the third class and are least desirable. 
These options are described in greater detail at the zero-code.org website. 


The ZERO Code for California
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Presenter
Presentation Notes
The zero-code.org website is expanded to address the ZERO Code for California. More on this later. 


TThe ZERO Code for California
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Presenter
Presentation Notes
And finally, we have worked with the CEC and the developers of CBECC-Com to add features to support the ZERO Code. Including PV Modeling Capabilities, a Battery Model, Multiple Metrics including TDS, and a ZERO Code Output Report (CSV)
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Presenter
Presentation Notes
Most of us are familiar with the concept of source energy, but with the ZERO Code, we have a different twist on the concept, in the concept of the California grid. 


The California Grid and Source Energy

Site Energy

British Thermal kiloWatt-hour kiloJoule (kJ)

Unit (Btu) (kWh)

1.055 kJ

.000293 kWh

3,412 Btu = 3,600 kJ
0.948 Btu .000278 kWh = 1 kJ
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Presenter
Presentation Notes
With site energy, we only look at the heat content of electricity that arrives at the building site. The units we are most familiar with in the United States are Btu and kWh. 


The California Grid and Source

Source Energy
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— and Other
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Image: Design Professionals Guide to Zero Net Energy Buildings, Charles Eley, Island Press, 2016


Presenter
Presentation Notes
But with source energy, we look upstream at the energy that was used to generate electricity and consider the electricity that  is lost in the process of transmission and distribution. In this simple diagram, there is just one power plant, like Thomas Edison’s original Pearl Street system in New York. 


The California Grid and Source Energy

California BEES 1975-2005

» For three decades, California
used a flat source energy
multipliers:

» 3.0 for electricity
(1 kwh = 10,236 Btu)

» 1.0 for gas
(1 therm = 100,000 Btu)

» Replaced by time-dependent
valued (TDV) energy in 2005

V. .; ZE ROCO D ETM Charles Eley, FAIA, PE, October 17, 2018

_ it
\ ZU

Y


Presenter
Presentation Notes
For three decades, California used a flat source energy as the metric for building energy performance until it was replaced by TDV in 2005. 


The California Grid and Source Energy

Power has traditionally
flowed in one direction
from central power
plants to customers.

High Voltage Commercial

i
Distribution

Namaa

Residential
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Presenter
Presentation Notes
But the modern electric grid is more complicated than the original Pearl Street system. 
Multiple generators of different types are scattered around (often in remote locations) and feed into high voltage transmission lines. 
These are stepped down to lower voltages as the power reaches the customers. 
Modern grids also have intermittent generators like wind and solar. 
Power has traditionally flowed in one direction from central power plants to customers, but this is changing. 


The California Grid and Source Energy

Installed Renewable Resources (as of 05/01/2018)

52%
solar Megawatts
29% - Solar 11,439
wind T,
=’ Wind 6,295
Renewables ; Small hydro 1,238
breakdown 8% $ Geothermal 1,790
thermal
1_ gecherma f:,}\ Riofuels Q97
Storage battery 134*
5mc||| hydro
0.6% TOTAL 21,893
storage
battery bmfuels

Source: CalSO.com
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Presenter
Presentation Notes
As of a couple of months ago, California had almost 22 MW of renewable energy capacity on the grid. More than half was solar, with wind a strong second. 
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The California Grid and Source Energy

2017 Total System Electric Generation

Coal

Large Hydro
Natural Gas
Nuclear

Qil

Other
Renewables
Biomass
Geothermal
Small Hydro
Solar

Wind
Unspecified
Total

California
In-State
Generation
(GWh)
302
36,920
89,564
17,925
33

409
61,183
5,827
11,745
6,413
24,331
12,867

N/A
206,336

Percent of

California
In-State Northwest
Generation Imports (GWh)
0.15% 409
17.89% 4,531
43.40% 46
8.69% 0
0.02% 0
0.20% 0
29.65% 12,502
2.82% 1,015
5.69% 23
3.11% 1,449
11.79% 0
6.24% 10,015
N/A 22,385
100.00% 39,873

Imports (GWh)

California

Southwest Energy Mix
(GWh)

11,364 12,075
1,536 42,987
8,705 98,315
8,594 26,519
0 86

0 409
10,999 84,684
32 6,874

937 12,705

5 7,867
5,465 29,796
4,560 27,442
4,632 27,017
45,830 292,039

Source: http://www.energy.ca.gov/almanac/electricity_data/total_system_power.html

Senate Bill 100

(recently signed by
Governor Brown)

33%

2020

50%
2026

60%
2030

California
Power Mix

9.08%
0.01%

A

29.00%

4.35%
2.70%
10.20%
9.40%

9.25%
100.00%

¥
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Presenter
Presentation Notes
In 2017, almost 20% of our power was from “eligible” renewable energy sources. 
In mid-September 2018, Governor Brown signed Senate Bill 100 which calls for the California grid to be 100% carbon free by 2045. The bill also moves up the 50% target from 2030 to 2026 and sets other goals along the way. But in meeting the 100% goal for 2045, the contribution from large hydro plants is counted. 


The California Grid and Source Energy
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Presenter
Presentation Notes
To better understand source energy let’s look at energy flows for the entire country (we’ll come back to California in a moment). You have probably seen these Sankey diagrams produced by LLNL. Lets focus on the electricity generation box at the top. 
37.2 quads of energy goes into the process of making electricity and 12.5 quads are produced. According to this diagram, the source energy is 37.2 and the site energy is 12.5. If you divide 37.2 by 12.5 you get a source-site multiplier of right around 3.0 or an overall efficiency of about 33%. 
The sources of energy that are used to generate electricity can be put into two groups: those that use fossil fuels and those that don’t. 
For the fossil fuel generators, the energy input into the process of making electricity is the heat content of the fuel. For instance 9.54 quads of natural gas, 12.7 quads of coal and much smaller amounts for biomass and petroleum. Petroleum is mainly used in Hawaii and Alaska. 
But how do they figure how much primary energy goes into making electricity from a solar farm, a wind farm, a hydroelectric plant or a geothermal plant. They came up with some values as highlighted on this chart, but what is the basis? For instance, how did LLNL come up with 2.75 quads of energy input to a hydroelectric plants? 
The fossil fuels have a heat content of around 10,000 Btu per kWh of electricity production. So what they do is assume that wind, solar, hydro and other renewable sources use the same amount of primary energy. This procedure is known as the “fossil fuel equivalency” method and was sort of okay until we starting adding a lot of renewables to the grid. Now it makes no sense at all. 


"he California Grid and Source Energy

Site Source Multipliers

Source , : : .
Energy Type Multiolier Site Btu / unit | Source Btu / unit
kWh

Imported Electricity 3.15
Exported Renewable Electricity 3.15
Natural Gas 1.09
Fuel Oil (1,2,4,5,6,Diesel, Kerosene) 1.19
Propane & Liquid Propane 1.15
Steam 1.45
Hot Water 1.35
Chilled Water 1.04

Coal or Other 1.05

kWh

Therms

Gallons

Gallons

Ib

millions Btu

millions Btu

short ton

3,412 10,751
3,412 10,751
100,000 109,000
138,000 164,220
91,000 104,650
1,000 1,450
1,000,000 1,350,000
1,000,000 1,040,000
19,210,000 20,170,000

Notes: The Btu per Ib of steam will vary depending on how much the steam is superheated.

Source: DOE Common Definition, ASHRAE Standard 105, ASHRAE

Standard 189.1-2017 Addendum

& ZEROCODE™
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Presenter
Presentation Notes
The flat source-site multipliers published in ASHRAE Standard 105, 189.1 and in the DOE Common Definition for zero energy buildings are based on the fossil fuel equivalency procedure.  But let’s take a closer look at other ways of thinking about source energy, and in particular, the energy inputs that are assumed for non-combustible renewable energy. 


The California Grid and Source Energy

Fossil Fuel Equivalency Approach

_ Electricity = Source energy is
Primary Energy Production unaffected as
more clean

generators are
~ 10,000 Btu 1 kWh added to the
grid.

Wind = The source-site

multiplier for
~ 10,000 Btu ”"" 1 kWh wind, solar and
Solar other renewables
IS the same as
fossil generators.
~ 10,000 Btu 1 kWh
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Presenter
Presentation Notes
As noted, with the fossil fuel equivalency procedure, the energy inputs assumed for wind, solar and hydro are the same as if the power were generated with a coal or gas plant. As clean power sources are added to the grid, the source-site multiplier is virtually unaffected,  so the fossil fuel equivalency method does not properly recognize renewables.


The California Grid and Source Energy

Captured Energy Approach

Electricity = Recommended

Primary Energy Production by DOE.
= The source-site

3,412 Btu 1 kWh multiplier for

wind, solar and
wind other renewables

is 1.0.

3,412 Btu 1 kWh

Solar
3,412 Btu 1 kWh
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Presenter
Presentation Notes
An alternative approach suggested by DOE and NREL would assume that the source site multiplier for non-combustible renewable energy sources is one. So the primary energy input to produce a kWh of electricity is 3,412 Btu. This is better than the fossil fuel equivalency method, but it still raises questions. Why 3,412 Btu? Wind, solar and gravity are free.  


The California Grid and Source Energy

“*Zero Heat Content” Approach

_ Electricity = Wind, solar and
Primary Energy Production gravity are free.

= The source-site
ZERQO Btu 1 kWh multiplier for
wind, solar and

Wind other renewables
is ZERO.

ZERO Btu ” " ” 1 kWh
= Source energy

Solar and carbon
emissions track
each other

1 kWh exactly.

ZERO Btu
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Presenter
Presentation Notes
The accounting method used for the ZERO Code is to assume that the primary energy (source) input for non-combustible renewables is zero. Photons from the sun are going to strike the ground whether or not we used them to make electricity. The wind will blow even if we don’t capture the energy with a turbine. And water will flow downhill no matter what. An advantage of the “zero heat content” approach is that source energy and carbon emissions track each other perfectly. We will talk more about this in a moment. 


The California Grid and Source Energy
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Presenter
Presentation Notes
To make thinks a bit more complicated, the mix of electricity in California is changing throughout the day.  This is a diagram of electricity production in California for a typical sunny spring day when loads on the grid are moderate. The yellow band represents daytime solar production and the orange band represents wind. The dotted line is the total load on the grid. On this particular day, solar production is curtailed in the middle of the day to avoid over generation (shown in red). 
The black line is the net load that must be met by conventional (or dispatchable) generators. 
The space between the solid line and the dotted line begins to form the infamous California duck. Can you see the resemblance? 
Some of the generators are not capable of modulation. For instance nuclear, biomass, and geothermal provide constant output. 
At present, natural gas generators (along with imports) are the flexible generation source used to match generation output with demand. 
So on this particular day, if we add load to the grid between about 9:00 in the morning and 6:00 at night, this load would be met by entirely by solar (using some of the curtailed capacity would be brought back on line). The marginal source energy would be zero. Likewise, if a building with rooftop solar were putting power into the grid during this period that power would not be useful. It would just result in more curtailment of the solar that the CaISO can control. 
But in the evening hours when the sun goes down, the marginal source energy is high. Adding load during this period would require that gas generators be modulated or dispatched. 
Managing all of this is the business of the California ISO. 



The California Grid and Source Energy

The amount consumed
by customers has to
equal the amount
produced on a near
Instantaneous basis.
Gas The tricky part is that
the elevation of the lake
has to remain the same.

Industrial

m m m @ Commercial

Residential

Charles Eley, FAIA, PE, October 17, 2018


Presenter
Presentation Notes
I like to use the metaphor of a lake to describe the electric grid. Instead of electrons, think of water molecules. 
Conventional generators are pumping water into the lake.
Residential, industrial and commercial customers are drawing water from the lake. 
The tricky part is that the elevation of the lake can’t change, which in energy terms means that supply must equal demand on a near instantaneous basis. This is the work of the CAISO
To complicate things, some generators produce a constant baseload that can’t be modulated. These plants run continuously and can’t easily be shut down. Hydro plants can modulate, but there are issues with water levels for recreation, fish, and rainfall. 
In California, wind and solar also contribute to the grid, but their output is variable and depends on time of day, season and weather conditions.
As more buildings incorporate on-site PV, electricity can flow in both directions. Customers become both consumers and producers. 
The job of managing all of this is becoming more and more complicated and it is the responsibility of the California Independent System Operator (CaISO) to keep things in balance. 
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Presenter
Presentation Notes
So you may be wondering where this detailed discussion of source energy and the California grid is leading. It is an introduction to time-dependent source energy, the metric used by the ZERO Code. 


Time Dependent Source (TDS) Energy

Application to Building Design
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Presenter
Presentation Notes
To illustrate how TDS works in building design, lets start with a typical electricity load, which is higher in the middle of day and tappers off at night. 
We then model the production from the on-site PV system. 
The net load is the difference between the building load and the on-site PV production. The pattern on many days resembles this gull winged curve.
This hourly load is then multiplied times the TDS conversions for each hour. 
And the result is the hourly source energy.
In this case, the building achieved zero with site energy, but when the TDS multipliers were applied, it failed to achieve zero, because TDS multipliers are low in the middle of the day when solar is being produced. This illustration shows just a single day, but of course the procedure is applied o the whole year, e.g. 8,760 hours. 


Time Dependent Source (TDS) Energy

Week Beginning March 23 (on the official weather files)
Time-Dependent Source Energy (kBtu/kWh)
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. Californiais getting so much power from
H ead | ine: solar that wholesale electricity prices are
turning negative
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Presenter
Presentation Notes
If you look at a specified period of time, in this case a week in the middle of March, source energy varies significantly over the course of each day. The units of source energy are Btu/kWh. This week was picked because conditions are sunny and loads are moderate. On several days, and in particular the weekend, the marginal source energy is zero or even negative. 
Perhaps you saw this headline from a while back. On a marginal basis, source energy in fact goes negative. At these times, there is an environmental benefit to using more electricity and there is a penalty for pumping power into the grid. Using TDS as the metric for evaluating zero represents a paradigm shift that has very significant implications: Batteries and other means of storage are encouraged and even required in order to get to zero. The avoided source energy for wind, solar, geothermal and hydro are all different because their patterns of production vary. 
The units are Btu/kWh. 


Time Dependent Source (TDS) Energy

Patterns of TDS and Carbon Emissions are Identical
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Presenter
Presentation Notes
Another important feature of TDS is that it tracks carbon emissions on a near exact basis.
The graph at the bottom are carbon emissions in tons/MWh for the same period of time. The scale is different, but otherwise the graphs are identical. In California, natural gas is the virtually the only fuel that produces both carbon and also results in source energy use. 
This is important  because federal preemption requirements say that energy codes have to be based on energy or cost. Using carbon as the metric would risk a violation. 



Time Dependent Source (TDS) Energy

Simplitied Visualization of the 8760 Time-Series
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Presenter
Presentation Notes
TDS consists of an 8,760 time series of values that are multiplied times the electricity use at each hour. 
But an easier way to visualize this time pattern is to look at the average source energy for each hour of each month. 
This graph shows how source energy dips in the middle of the day, even in the winter.
It also shows spikes in the morning when people are up and about before the sun and in the evening when buildings are still being operated. 
The lesson here is to shift energy use from periods of high TDS/carbon to periods of low TDS/carbon. This is the behavior that we think the ZERO Code will encourage. 


Time Dependent Source (TDS) Energy

TDS vs. TDV — Week of March 23
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Presenter
Presentation Notes
So let’s compare TDS to the TDV metric that we have been using for code compliance in California for the last decade or more. The top graph shows TDS for the week of March 23.
The graph at the bottom shows the TDV metric for the same period of time. TDV has variation throughout the day, but does not provide nearly as much incentive to shift loads. 


Time Dependent Source (TDS) Energy

TDS vs. TDV — Climate Zone 3
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Presentation Notes
So let’s compare TDS to TDV, in this case for the Bay Area (cz 3)


Time Dependent Source (TDS) Energy

TDS vs. TDV — Climate Zone 10

Btu/kWh

TDS

=0, ZEROCODE™

TDV

Charles Eley, FAIA, PE, October 17, 2018


Presenter
Presentation Notes
And again for a southern California climate. 


Time Dependent Source (TDS) Energy

TDS vs. TDV — Climate Zone 12
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Presentation Notes
And finally for Sacramento. 
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Sources of Off-Site Renewable Energy
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Presenter
Presentation Notes
With site energy and most other metrics a MWh of renewable energy from wind, solar, hydro or geothermal are considered equal, but this is not the case when TDS is used as the metric. 


Source Energy Factors

Source Energy Factors
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Presenter
Presentation Notes
This slide shows a typical daily production pattern for wind and solar. In California wind typically peaks in the morning and the afternoon with a lull in the middle of the day. Solar, on the other hand, is a hump that peaks at mid day. The TDS multipliers are lower in the middle of the day and greater in the evening when the sun goes down, as gas turbines begin to come on line or ramp up to meet load, e.g. the neck of the duck. The result is that a typical MWh of wind production avoids more source energy and carbon emissions than a typical MWh of solar. 


Source Energy Factors

Hourly Time Dependent Carbon — NonRes — 15 years
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Presentation Notes
This is the TDS curve that we previously described.


Source Energy Factors

2012 Solar Production — NP15 Trading Hub
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Presenter
Presentation Notes
This is the solar energy purchased by the California ISO through the northern California trading hub in 2012. Less in the winter, with peaks in the middle of the day. If this curve is multiplied times the TDS curve on the previous slide, production in the middle of the day is doing less to avoid source energy use and carbon emissions. 


Source Energy Factors

2012 Wind Production — NP15 Trading Hub
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Presenter
Presentation Notes
Here is the power purchased through the northern California trading hub for wind in 2012. The surface is saddle shaped with more wind in the summer and less in the winter. Notice also the lull in the middle of the day. The data for wind and solar is hourly, but I have plotted the average for each hour and month. This easier to visualize than looking at a 8,760 time series. 


Source Energy Factors

Source Energy Factors for On-Site PV

Climate Zone | SCUTC€ENer@Y | ciimate zone | Source Energy
Factor Factor

3,296 3,319
2 3,330 10 3,295
3 3,322 11 3,322
4 3,322 12 3,287
5 3,293 13 3,274
6 3,260 14 3,292
7 3,277 15 3,304
8 3,307 16 3,344
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Presenter
Presentation Notes
We modeled a typical solar system in each of the California climate zones and this slide shows the source energy factors. The all range around 2,500 Btu/kWh. With site energy, PV production is counted at 3,412 Btu/kWh, so on an hourly source basis, PV production is discounted about 25% because production aligns with periods of low source energy/carbon emissions. 


Source Energy Factors

Source Energy Factors for Off-Site Procurement

Avoided Source Avoided Emissions Avoided TDV
Energy (Btu/kWh) (Ib/MWh) Energy (kBtu/kWh)

Geothermal 5,190 628 27.57

Hydro 5,190 628 27.57

The values for wind and solar are based on the average of power procured through the NP-15 and SP-15 trading hubs for
2012. Annual average values are used for geothermal and hydro.

Source: Table 5, TSD for the ZERO Code for California
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Presenter
Presentation Notes
For off-site procurement, we use statewide averages. As you can see the source energy factors are much greater for wind, geothermal and hydro because production is constant, in the case of geothermal or in the case of wind, varies according to the previous chart. Hydro can modulate to meet load, but we assumed its production was constant, like geothermal. Hydro production is related to recreational needs, fish, rainfall, and other considerations. 
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'Off-Site Renewable Energy Procurement

Net Metering

PV system is located behind the meter, a - ———
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Presenter
Presentation Notes
The most common meter arrangement for small buildings is net metering. With this arrangement, the PV system is located on the building side of the meter. 
The customer pays for the net energy that is used. When PV production is less than or equal to building energy use, the PV system supplies the building, but when PV production is greater than building energy use, for instance on weekends, 
the meter can run backwards providing a credit to the building. 
Net metering has been a common arrangement in many states and a motivation for building owners to install PV systems. However, some states like Arizona and Hawaii, where saturation of rooftop systems is high, the utilities have been cutting back on the program. 
With the TDS metric, there will be little credit or even a negative credit for putting power back into the grid during periods of curtailment. 
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Presenter
Presentation Notes
Another arrangement is for the PV system to have its own meter that feeds directly into the grid. 
This is common for direct PPAs and large systems. With this arrangement, the tariff for the building and the tariff for the PV system may be different. In the EU and some other countries, feed-in tariffs are a common way to encourage (subsidize) PV, wind and other renewable energy systems. 


'Off-Site Renewable Energy Procurement

Off-Site Renewable Energy

Energy already flows through the grid
. Feed-in
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Presenter
Presentation Notes
When the PV system has its own meter, we are already using the grid to deliver electricity to the building, e.g. power is feeding into the grid and from there to the building.
What if the PV system were located in the vicinity of the building, but not on the building site?
Power would still be delivered to the building. RECs could be used to track production, make sure the renewable energy is not double counted and assign the renewable energy to the ZNE building. 
When moved off-site, the system will be less expensive if the scale is increased and production is shared with other buildings. 
There are a number of financial and ownership arrangements that can be used to achieve this and we will share some information later. 


'Off-Site Renewable Energy Procurement

Off-Site Renewable Energy Procurement Options

O High probability of additionality
0 Long-term commitment

O Medium probability of
additionality
O Customers can easily opt out

Class Three d Little chance of additionality
= Unbundled RECs O Least desirable option

See TSD at zero-code.org for more details
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Presenter
Presentation Notes
There are a number of financial arrangements or procurement options that already exist for off-site  renewable energy. Some of these have been widely used by tech companies like Google and Amazon. We have grouped these options into three classes based on the probability of additionality, long-term commitment and other criteria. 
The first class has a high probability that additional renewable energy will be added to the grid and represents a long term commitment on the part of the building owner. 
The second class is less desirable because customers can opt out.
Unbundled RECs are in the third class and are least desirable. 
These options are described in greater detail at the zero-code.org website. 


'Off-Site Renewable Energy Procurement

Evaluation Criteria for Off-Site Systems

= Additionality Most Important
» Long-Term Commitment

» Renewable Energy Generation Source
= Assignment to ZNC Building

» Grid Management Capability

» Environmental Impact

» Inspirational/Educational Value

» Incremental Acquisition
= Permanent Financing Least Important
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Presenter
Presentation Notes
In creating the classes, we nine criteria that we think are important, although some are more important than others. 
Additionality. Additional renewable energy generating capacity is added to the grid in proportion to the energy demand of the ZNC building. 
Long-Term Commitment. The ZNC building developer makes a long-term commitment to procure renewable energy and the commitment is structured to survive a sale of the property.  
Assignment to ZNC Building. The renewable energy installed or procured is directly assigned to the ZNC building through a transparent accounting procedure. 
Grid Management Capability: The renewable energy production can be managed to supply the grid when power is needed but to avoid over-generation for low-load conditions.  
Environmental Impact. The renewable energy system has minimal impact on natural resources and habitat. 
Inspirational/Educational Value. The renewable energy system is visible asset associated with the ZNC building. As such it has the ability to inspire and educate building developers, designers and the public on the benefits of renewable energy. 
Incremental Acquisition. The renewable energy can be procured or installed in increments to match the exact loads of the ZNC building (some procurement options require a minimum contract that exceeds the needs of the building). 
Permanent Financing. The cost of the renewable energy system or procurement known at the time the building is constructed and can be included in the permanent financing for the project.



‘Off-Site Renewable Energy Procurement

Renewable Energy Procurement Factors

Class 1 Class 2 Class 3
Self-Owned Community Direct Green Unbundled
Considerations Weghsst2 Off-Site  RenewaBlesle¥irtual PPA  REIFs Access Retail Tariffs ~ RECs
Inspirational/Educational Value 6%4igh Métiglm Nestiium Laww Zencow Low Low Low
Probability of Additionality 30%gh Métiglm NWestiium Madium  Zeredium Low Low Zero
Long-Term Commitment 24%s Po¥sible PRuassiiie  Diffigek Nores Possible Difficult Difficult
Permanent Finaneing 3%es Po¥sible Posbildly  Upldedible Rossiblz No No No
Environmental Impact 6%ow Depomds  Dmpsnsis bégends  Depends  Depends  Depends  Depends
Incremental Acquisition 6%es NES Posaigle  Difieidible Nores No Yes Yes
Assignment to ZNC Bulilding 12%es Po¥sible Possigle  Diffigigiiole Nossiblz2 Difficult Yes No
Grid Management Capability P3¥sible  Po¥sible Posaigle  Diffigigiole Rossibl2 Yes Yes No
Renewable Generation Source Qddiifying  Qualifimg  Ovadigging SomedRb@s) AllRialliging  Some RECs Some RECs _All RECs
100% 3 2 1 0
Good Bad
Calculation of Coefficients
Inspirational/Educational Value 3 2 2 1 1 1 1 1
Probability of Additionality 3 2 2 2 2 1 1 0
Long-Term Commitment 3 2 2 3 3 2 1 1
Permanent Financing 3 2 1 2 2 0 0 0
Environmental Impact 3 2 2 2 2 2 2 2
Incremental Acquisition 3 3 3 2 3 0 3 3
Assignment to ZNC Building 3 2 3 2 2 1 3 0
Grid Management Capability 2 2 3 2 2 3 3 0
Renewable Generation Source 3 3 3 3 3 1 1 0
Sumproduct 3.61 2.79 3.00 2.91 2.97 1.70 1.88 0.61
Calculated Coefficient 1.00 0.77 0.83 0.81 0.82 0.47 0.52 0.17
Average for Class 0.81 0.50 0.17
Recommended for Class 0.80 0.50 0.20
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Presenter
Presentation Notes
We assigned a weight to each of the evaluation criteria, with high weights given to additionality and long-term commitment. And, for each criterion, we have an evaluation scale, as shown in this slide.
We then rated each procurement method with regard to each of the criteria by making a selection from the scale. For comparison, we also rated on-site PV systems, which are shown in the first column. 
The next step was to translate the qualitative ratings in the top table to numeric scores in the bottom table and to calculate the procurement factor for each option or method. An average was calculated for each class and a value was selected for each class based on judgement. 
We recognize that this process is imperfect and we expect jurisdictions that adopt the ZERO Code to go through this process and tailor it to their special circumstances. For instance, the primary reason that green tariffs get a low score is that it is easy for the next building owner or tenant to opt out. If it were possible to tie the commitment to the building with a deed restriction or other means, then green tariffs would have a higher procurement factor. 


‘Off-Site Renewable Energy Procurement

Minimum Requirements

» Legally binding contract to procure qualifying off-site renewable energy.
= Contract shall have duration of not less than 15 years

» RECs and other environmental attributes associated with the procured
off-site renewable energy shall be assigned to the building project

» The renewable energy generating source shall be photovoltaic systems,
solar thermal power plants, geothermal power plants, wind turbines or
eligible hydro.

» The generation source shall be located where the energy can be
delivered to the building site (probably within CalSO)

» The off-site renewable energy producer shall maintain transparent
accounting that clearly assigns production to the ZNC building
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Presenter
Presentation Notes
We have also identified a number of requirements that have to be satisfied to the extent possible. 
The building owner shall sign a legally binding contract to procure qualifying off-site renewable energy. 
The procurement contract shall have duration of not less than 15 years and shall be structured to survive a partial or full transfer of ownership of the property.
RECs and other environmental attributes associated with the procured off-site renewable energy shall be assigned to the building project for the duration of the contract.
The renewable energy generating source shall be photovoltaic systems, solar thermal power plants, geothermal power plants, and wind turbines. 
The generation source shall be located where the energy can be delivered to the building site by the same utility or distribution entity; the same ISO or RTO; or within integrated ISO’s (electric coordination council). 
The off-site renewable energy producer shall maintain transparent accounting that clearly assigns production to the ZNC building. Records on power sent to or purchased by the building shall be retained by the building owner and made available for inspection by the Authority Having Jurisdiction (AHJ) upon request.



Off-Site Renewable Energy Procurement

Procurement Factors

Class PIOSUE IS Procurement Method |Additional Requirements
Factor (PF)

Community Solar

Entity must be managed to prevent fraud or misuse of

REIFs funds.
0.75
Virtual PPA
: Provisions shall prevent the generation asset from being
Self-Owned Off-Site sold separately from the building.
: : The offering shall not include the purchase of unbundled
Green Retail Tariffs s
2 0.55
. The offering shall not include the purchase of unbundled
Direct Access RECs.
3 0.20 Unbundled RECs The vintage of the RECs shall align with building energy

use.

)
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Summary of Procedure

Avoided Source Energy from Off-Site Procurement

Avoided — Procured ¥ Source X Procurement
Source Off-Site Energy Factor
Energy Renewable Factor
Energy
Amount Depends on Depends on
purchased generation procurement
through vPPA source method

or other means

(kWh) (Btu/kWh) (unitless)
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Batteries and
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‘Batteries and Storage



Presenter
Presentation Notes
SCE selected Tesla to build the Mira Loma Battery Storage Facility. This system has a capacity of 80 MWh and can produce 20 MW of power, enough for 15,000 homes for a 4 hour period. The system is made up of two 10-megawatt systems, each containing 198 Tesla
Powerpacks and 24 inverters. 


‘Batteries and Storage

Batteries Behind the Meter

Discharge Discharge
Battery Battery

Consumption

Production

Charge
Battery

Mid 6 AM Noon 6 PM Mid

Batteries

- . ’

l; l; ZE ROCO D ETM Charles Eley, FAIA, PE, October 17, 2018


Presenter
Presentation Notes
Batteries can also be installed behind the meter, in buildings. You would typically charge the battery in the middle of the day when  solar is plentiful and discharge the battery to meet the peaks of the gull-wing curve in the morning and evening. 


Batteries and Storage

Comparison of Metrics with Regard to Batteries

Time-Dependent Carbon Time-Dependent
Source (TDS) Emissions Valued (TDV)
Energy (kBtu/ft-y) (Ib/ft2-y) Energy (kBtu/ft-y)

Site Energy

(kBtu/ft2ly)

Building Energy Use
Electricity 25.90 29.46 3.80 217.28
Gas 5.83 5.83 0.75 12.32
Total 31.72 35.29 4.55 229.60

On-Site PV System
Production -25.90 -19.32 -2.49 -184.40
Battery
Charging 8.02 5.79 0.70 54.82
Discharging -7.22 -15.35 -1.86 -77.42
Net (battery alone) 0.80 -9.55 -1.16 -22.60
Summary
Net (without battery) 5.83 15.04 1.87 45.20
Net (with battery) 6.63 5.49 0.71 22.28
Battery Benefit 14% -64% -62% -50%

* 1 13
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Presenter
Presentation Notes
This table shows how site energy, TDV, carbon and TDS metrics encourage or discourage batteries. 


‘Batteries and Storage

Thermal Mass in Envelope

Let the
Building
Dnft

Let the
Building
Drift

Consumption

=}
=
3 un the
E cooling
o .
equipment
Mid 6 AM Noon 6 PM Mid
Building Mass
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Presenter
Presentation Notes
Conventional thermal mass can also be used shift loads. You would operate in manner just the opposite from convention. You would cool the building in the middle of the day when source/carbon is low and shut off the cooling equipment in the morning and evening. 


Batteries and Storage

Thermal Storage Revisited

Melt Ice Melt
Ice

Consumption

Production

Mid 6 AM Noon 6 PM Mid

Thermal Storage

Ice storage
cooling
system
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Presenter
Presentation Notes
Conventional thermal storage like in the basement of this building can also be used to shift load, except you would operate it differently. Typically, with chilled water or ice storage, the chillers are operated at night and the ice is melted in the day. But with TDS and consideration of all the solar on the grid, we want to do the opposite. We run the chillers and make ice in the middle of the day and shut off the chillers in the morning and early evening when source energy/carbon emissions are high. 


‘Batteries and Storage

CBECC-Com Battery Control Strategies

= Basic
= Time of Use

= Advanced DR
Control (TDV)

= Advanced DR
Control (TDS)
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Presenter
Presentation Notes
The CBECC-com software has been updated to include both a PV model and a battery model. The battery can be controlled in four different ways. 
Basic. Battery charges whenever there is excess PV. Battery discharges to meet house load when PV does not cover it. Battery only meets building electric loads and does not put power into grid. 
Time of Use. Battery charges whenever there is excess PV. During peak summer months (July-September) discharging starts at the beginning of the peak period (that varies with climate zone) at maximum rate until fully discharged. Other months run with basic control. Battery will put power into grid after meeting building load if discharge rate allows it. 
Advanced DR Control (TDV). During peak summer months control knows that it is going to be a peak day and what the peak hours will be. On a peak day, use all PV to charge the battery until it is full. Discharge at maximum rate during highest TDV hours. Otherwise run with basic control. Battery will put power into grid after meeting building load if discharge rate allows it. 
Advanced DR Control (TDS). Control knows the hourly time pattern of source energy. In the middle of the day when source energy is low or even zero, use all on-site PV to charge the battery until it is full. In the early evening, when source energy is high, discharge at maximum rate.  Otherwise run with basic control. Battery will put power into grid after meeting building load if discharge rate allows it. This control strategy is used to generate the results in Table 2. 



T he ZERO Code
Energy Calculator

= gy

IBeE W SEC on B oode coinclmng proiobere
Fani Finlionel Labomsep Achid bagicing sraegy conmeompiios

0 SiE B I A7 KTy

cetraied Enesgy Coneamplon. 55044 RMBLST
Ensd Lice ‘Fubbodel Paroant
[t o ]
Hesling .08 o
Cooling 284 SAO%
rsierior Ligting B8 1050
Piog Losss i | SHEE
Bendoe Hol filsier r 3+ e
Fers rdrp ] %S
Oy
Ecwrer Equipmees [AT] O03TR
i Light (1] AT
- T oo

Total 202 1000




The ZERO Code Energy Calculator

B 80Ut voURBUILDING il RESULTS
€ ENTER BUILDING AND PV INFORMATION TO THE LEFT TO GENERATE REQUIREMENTS FOR

Code Pathway: ®  Prescriptive Performance REACHING ZERO NET CARBON
Climate Zone @ 3 v =
Number of Stories 2 =
Add Ancther Use - B

Selected Use Type(s):
School N

SCHOOL delete @

Gross Floor Area (sq.ft) 50000 -

X ON-SITEPV SYSTEMS

Default Values estimate on-site building PV system potential. Uncheck Use Default Values to
enter custom inputs. If your building has multiple PV systems, add them below.

PV SYSTEM Set Default Values delete @
Estimated Area for Collectors 210223 * sqft v =
Module Type Standard -
Losses (%) 10 -
Array Type Fixed - Open Rack v
Tilt (Degrees) 10 -
Azimuth (Degrees) 180 -
Inverter Efficiency (%) 96 *

© Add another PV System

GENERATE RESULTS -


Presenter
Presentation Notes
Inputs to the California version of the energy calculator are the same as the national/international version.  But, calculations are made on the basis of TDS energy. 


The ZERO Code Energy Calculator

ﬁ ABOUT YOUR BUILDING Ll RESULTS
Code Pathway: ®) Prescriptive || Performance ~ RENEWABLE ENERGY REQUIREMENTS
Climate Zone @ 3 - B Energy Consumption & Generation
Number of Stories 2 . Estimated Building Source Energy Consumption
A Another Use § Total Renewable Energy Required

On-Site PV Generation Potential

Remaining Off-Site Procured Renewable Energy

Selected Use Type(s): On-Site PV Syste
n- m

School -
Rated Capacity (kW)
Estimated Area for Collectors (ft%)
SCHOOL delete @
e oo A (0 - .~ [ESTIMATED BUILDING ENERGY IMPACTS
Mety Source ~
Site
L ON-SITEPV SYSTEMS %
Source
Default Values estimate on-site building PV system potential. Uncheck Use Default Values to E
enter custom inputs. If your building has multiple PV systems, add them below. @
PV SYSTEM Set Default Values delete @ -
Estimated Area for Collectors 210223 * sqft - = -
< 20 I Cther
Module Type Standard -* LS
E
Losses (%) 10 = s
Renewable Energy
Array T : .=
y Type Fixed - Open Rack 10 O site
Tilt (Degrees) 10 = B On site
5
Azimuth (Degrees) 180 =
) 0
Inverter Efficiency (%) 96 : End Uses Renewsble Energy

Building Energy Impacis and End Uses sre based on code compliant prototy pe buildings modeled by HORESCZO
© Add another PV System n their Impact Analysis. Actual building energy consumption will vary from modeled resulis.


Presenter
Presentation Notes
v


The ZERO Code Energy Calculator

Estimated Source EUL 32.84 kBluft2-yr

GENERATE RESULTS > Estimated Source Energy Consumpfion: 1,642.09 MBiufyr

End Use Subtotal Percent
(kBluM=yr)

Heating 7.87 23.97%

Cooling 1.35 4.10%

Interior Lighting 415 12.65%

Plug Loads 8.25 2513%
Service Hot Water 5.85 17.80%
Fans 429 13.07%

Other

Exterior Light 0.66 2 D0%
Heat Rejection 0.03 0.09%
Pumps 0.39 1.19%

Total 32.84 100.00%

~  PVWATTS RESULTS

ANNUAL AC & DC PRODUCTION

250K

200K

150K

kBtu

100k

50k
Jan Feb Mar Apr Way Jun Jul Aug et Sep MNov Dec

Boc HEAC
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And detail is provided on PV production. When the performance approach is used, the csv file generated by CBECC-com is uploaded to the website and displayed. 
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The ZERO Code for California:

= Builds on the adopted 2019 California Building Energy Efficiency Standards, the global
energy efficiency benchmark for commercial, institutional and mid- to high-rise
residential buildings

= Supplements the energy efficiency requirements of the California BEES by requiring
that on-site renewable energy systems be installed or off-site renewable energy be
procured such that ZERO Code compliant buildings result in zero net carbon emissions
on an annual basis

» Represents a paradigm shift in building codes to directly address climate change by
using hourly source energy / carbon emissions as the metric for building performance

= Sets a framework for addressing tall and energy intensive buildings

= |s flexible, impactful, performance-based, and harmonious with the renewables-rich
California electric grid

= Easily adoptable by local governments as a reach standard

= Encourages:
» Even greater energy efficiency than required by the California BEES
» Storage technologies to shift load to periods when grid carbon emissions are low

» On-site renewable energy systems when feasible

- luiJ: ZE ROCO D ETM Charles Eley, FAIA, PE, October 17, 2018



More Reading

z E R ' C O D E ™ HOME ABOUT ZEROCODE ENERGY CALCULATORS CONTACT Q

ZERO Code & Technical Support Document: ZERO Code for California & Technical Support Document for California:
Access ASHRAE 80.1-2016 Access 2019 California BEES

‘ ZERO CODE § ZERO CODE"
for for
ZERO CODE" |

’ OzﬁEgpocr?le CALIFORNIA J CALIFORNIA

i Renéwable Energy A California building energy st.?ndal.d for Technical Support Document
!wl':"ﬁ meEdma!;i i new nonresidential, high-rise residential and ; 8
institutional, and mid- to 3 G

high-rise residential hotel/motel buildings.

buildings. ’ A3 .7.‘

Technical Support Document

Je":-'; =

ZERO Code Energy Calculators

The ZERO Code is supported by Energy Calculators that eases the implementation process and reduces errors when applying the prescriptive compliance path of ASHRAE 90.1-2016 or 2019 California Building Energy
Efficiency Standards (BEES). An Application Program Interface (API) for the national and international ZERO Cede Energy Calculator has been developed so that users can interact in a programmatic way with the software,

enabling its implementation as a website or application for smart phones and tablets. Ultimately this approach will save years and valuable resources that would otherwise be spent on developing new compliance tools and
mechanisms.

The ZERO Code Energy Calculator APl is free and open source. For access to the ZERO Code Energy Calculator APl documentation, or for information about incorporating the International Green Construction Code (IgCC), ASHRAE Standard 189.1-2017 or other building en
standard, please contact Architecture 2030 at info@architecture2030.0rg. i,

turel

ik ZEROCODE™ https://zero-code.org/zero-code/
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