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1. Executive Summary 
The role of buildings, renewable energy, and energy storage in the utility sector is changing. New near-
term solutions are needed to address today’s challenges and capitalize on opportunities for market 
transformation. New Buildings Institute (NBI), in partnership with the U.S. Green Building Council 
(USGBC), is leading a national coalition committed to better integrating buildings into utility grid 
management strategies. This project, called the GridOptimal™ Buildings Initiative, focuses primarily on 
developing metrics by which building features and operating characteristics that support more effective 
grid operation can be measured and quantified. This will support the least-cost decarbonization of the 
grid through better integration of both distributed energy resources (DER) and utility-scale wind and 
solar energy. This document describes the work completed by the GridOptimal project team during the 
first phase of the project, from July 2018 to June 2019. 

The GridOptimal framework will offer a way to quantify buildings as assets to the grid. GridOptimal 
metrics and guidance will be important tools to encourage the design, construction, and operation of 
buildings with grid-friendly load shapes and flexible energy demand that can maximize renewable 
energy consumption, reduce stress on the grid, and maintain occupant comfort. 

1.1. Market Scan 
As a first step, NBI researched other projects, research initiatives, and organizations whose work is 
similar or related to GridOptimal. Although there is a great deal of attention to grid integration issues, 
NBI has identified no other organizations or projects whose primary goal is to produce the same set or 
category of buildings-oriented metrics defining the quality of building-grid interactions that GridOptimal 
is seeking to develop. There is a real need for clear, consistent metrics to measure the quality of 
building-grid interactions. 

Some other projects and organizations are undertaking work that GridOptimal can learn from and 
leverage. A selected set of projects are described here, primarily those whose efforts are being (or will 
be) leveraged by GridOptimal, or who are collaborating with GridOptimal. A second aspect of the market 
scan concerns evaluating the data sources available for GridOptimal. NBI gathered information about 
grid conditions across North America, primarily at the ISO level, and evaluated the state of data 
availability at various levels of the grid (generation, transmission, distribution), as well as data about 
carbon emissions on the grid. 

As a result of performing this market scan, NBI is confident that the GridOptimal Buildings Initiative will 
serve to fill an important and unique position in the field. 

1.2.  Grid-Scale Challenges and Opportunities across North America 
The challenges and opportunities facing today’s grid vary regionally and vary across grid scales 
(generation, transmission, and distribution) Terms such as the “duck curve” refer, generally, to 
conditions at the bulk transmission level. A variety of curves are presented in section 4.3.1 (Animal Grid 
Curves by Region). Regions with evening grid load peaks and high solar penetration such as California 
and Hawaii face challenges related to a basic mismatch between the mid-day renewable energy 
generation peak and the evening overall grid demand peak. On the other hand, a region with high wind 
energy penetration rates, such as the northern Great Plains, may see renewable energy production spike 
overnight. Some commonalities exist across regional grids: 
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1. Energy demand typically peaks in the evening, which often does not coincide with daytime solar 
generation or nighttime wind generation. 

2. Steep ramp rates often precede evening peaks. 
3. Many grids also experience a morning peak, particularly in the winter months. 

The building sector can help respond to these challenges but needs new systems to do so. The electricity 
grid is undergoing rapid transformation and new solutions are critically needed. The policy-driven grid 
transition away from coal and toward renewables is the major driver of the need for new tools across 
the grid and building sectors.  

1.3. Commercial Building Load Modification and Flexibility Potential  
Section 5 summarizes the key findings of a research project (Commercial Building Power Reduction and 
Flexibility Potential) undertaken by Red Car Analytics and NBI to support the GridOptimal Buildings 
Initiative. The full report is available to members of the GridOptimal Buildings Initiative and has been 
provided as a separate document, in parallel with this document. This project served as a proof-of-
concept and provided preliminary information about the scale of the opportunity for load modification 
and energy flexibility measures in the commercial sector. Two prototype new construction office 
buildings were simulated across three climates (San Francisco, CA; Austin, TX; and Burlington, VT). A 
variety of building load modification measures were evaluated, both individually and in packages.  

This analysis produced a broad set of information about how building energy efficiency and controls 
strategies can be used to impact peak power demand and demand shape. The insights from this report 
describe a set of possible observations which could be made from studying these results. The key 
findings indicate that significant adjustments to building load shape are possible to support grid 
integration and that load modification and energy flexibility measures may be best applied in packages.  

 The most impactful packages shared the following attributes: 
• They were able to reduce power from the initial coincident hour that the building’s demand 

peaked. 
• They reduced the annual peak by 40% to 50% depending on the base building type. 
• Most packages shifted the hour when the building peaked. 
• The shift in hours from the initial peak to the new peak was 2 to 3 hours typically. 
• Peak demand reduction opportunities associated with summer cooling peaks are generally 

larger, and fundamentally different, from those associated with winter heating peaks.  

1.4. Development of Metrics and Framework  
The structure and specific workings of GridOptimal metrics is being developed currently. NBI has worked 
to develop a conceptual framework and a working model (spreadsheet), which is about 75% complete 
(first version). The data libraries that will be necessary to apply the framework in the real world are not 
yet populated. NBI has developed various tools, including spreadsheet (Excel) tools and visualization 
tools that leverage Tableau. Data from multiple sources, including the preliminary evaluation of 
commercial building load modification potential, carbon impact factors (e.g. WattTime data), and ISO-
level or distribution-level grid conditions, may be combined and evaluated using these tools. 

Data inputs to the GridOptimal metrics framework, while not finalized, are expected to include both 
building-side and grid-side data. On the building side, key data points are the building’s load profile and 
information about building features (building assets and capabilities). On the grid side, key data includes 
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the grid load profile, the generation mix, and emissions profiles. These data inputs, in combination, may 
be used to analyze a building’s performance across a range of evaluation categories. These categories 
include things like a building’s ability to minimize its peak power demand during grid critical peak hours, 
alignment of the building’s net energy usage with regional renewable generation profiles, dispatchability 
of flexible loads and generation, or dispatchability of flexible loads and capabilities. Data outputs are not 
yet fully defined. 

1.5. Pilot Projects  
NBI has begun to apply current GridOptimal outcomes in concrete, real-world pilot project applications. 
The first pilot project was funded by a community choice aggregator (a county-level municipal electric 
utility company) in California to support incorporation of grid-integration features into their new 
headquarters project. NBI teamed with the building design team (architect and engineer) to evaluate 
grid integration options in the design process. NBI is in conversations about other pilot projects and is 
actively seeking participants in further pilot projects and is pursuing ancillary funding to move 
GridOptimal pilot projects forward. 

Interaction with pilot projects will enable GridOptimal to analyze measure impacts, evaluate options, 
and explore practical applications. These strategies, and the analysis undertaken to produce the 
recommendations, represent a progressive approach to building/grid integration that will serve the 
building and community well as we move to decarbonize the electric grid and modernize grid operation 
to incorporate new generating resources and transportation loads. Critically, pilot projects can help 
define ways in which GridOptimal strategies can fit into evolving utility programs. By demonstrating 
practical strategies, implementation pathways, and opportunities, pilot projects will help support the 
broader goals of the GridOptimal Buildings Initiative. 
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2. Introduction 
As policymakers and the building community encourage improved building efficiency and reduced 
carbon impacts, the rapid proliferation of distributed renewable energy resources–on local commercial 
and residential buildings–creates technical challenges for grid operation, even as traditional revenue 
models for utilities face significant uncertainty. In response to efficiency goals, the building industry is 
delivering more and more distributed energy generation onto the grid, with little or no regard for how 
the utilities must respond to the presence of these new distributed resources. To tackle this problem, 
New Buildings Institute (NBI) and the U.S. Green Building Council (USGBC) have launched a new initiative 
including a coalition of major electric utilities and other organizations that are committed to developing 
strategies and metrics to better integrate building loads and operating characteristics into utility grid 
management strategies. 

This project, called the GridOptimal™ Buildings Initiative, is developing metrics by which building 
features and operating characteristics that support more effective grid operation can be measured and 
quantified. The resulting metrics can be identified by designers and incentivized by utilities. By 
supporting the adoption of GridOptimal strategies and building features, utilities will be able to tap into 
a new resource to support grid services. 

This effort comes at a critical time for the utility grid. In regions where significant renewable resources 
have been added, utilities are facing the need to deeply discount power prices or curtail renewable 
power resources at peak periods to maintain grid stability. Increased curtailment represents a significant 
reduction in the potential of renewable resources to reduce the carbon impacts of conventional grid 
operation. In regions with substantial renewable resources already online, some grid operators are 
forced to pay other regions to take their surplus power, periodically resulting in negative electricity 
prices in some regions! Increases in distributed solar resources are taxing older grid control systems as 
well. 

Successful integration of these rapidly increasing distributed generation resources requires buildings 
themselves be able to more directly support grid operation by responding to fluctuations in grid load 
and contributing to broader efforts to manage more diverse grid resources. 

To maintain dependability, utilities must continue to manage and support peak generating capacity, 
even as more and more conventional utility generating resources may be forced to remain idle when 
distributed generating resources are feeding power to the grid. Successful integration of these rapidly 
increasing distributed generation resources requires buildings themselves be able to more directly 
support grid operation by responding to fluctuations in grid load and contributing to broader efforts to 
manage more diverse grid resources. While some building control features that allow short-term load 
response to grid peak are starting to be incorporated into buildings (demand management and 
response), there is a need for a more comprehensive approach to integrating building load management 
with grid operation. This is the goal of the GridOptimal Buildings Initiative. 

Moving toward a more grid-integrated approach to building design and operation represents  the 
natural evolution of widespread energy efficiency incentive programs, since the new dynamics of grid 
operation require a focus on when buildings use energy, not just on how much energy they use. The 
opportunity exists to design buildings to routinely shift peak energy use and adjust loads to contribute 
to stable grid operations rather than to exacerbate grid inefficiencies, shortages, and oversupply. 
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The GridOptimal Buildings Initiative is working collaboratively with utilities, the building design and 
construction market, research labs and others to quantify the impact of passive and active building 
design and operational strategies on hourly, daily, and annual building load profiles and to assess the 
opportunity to incorporate specific design features into buildings that allow these load profiles to be 
actively managed to support better grid operation. 

3. GridOptimal Buildings Initiative Market Scan 
NBI conducted research to identify and characterize a selection of relevant projects, research initiatives, 
and organizations whose work NBI expects to leverage to support GridOptimal or that are collaborating 
with GridOptimal. This market scan is not a comprehensive list of all related work in this expansive and 
fast-evolving space. 

Key research goals of the GridOptimal Buildings Initiative Market Scan include: 

• Research into other efforts to improve building-grid interactions (relevant to GridOptimal) 
• Identification of existing metrics used to define the quality of building-grid interactions 
• Identification of key data sources 

3.1. Overview of Existing Metrics and Related Efforts 
NBI has identified a selection of related efforts being undertaken by a wide range of public and private 
sector organizations whose work is relevant to GridOptimal (and likely to be useful to GridOptimal). 
Table 1 shows an overview of these initiatives. The table is organized as follows: 

• Topics are shown in rows. Topics that are considered to be more integral to GridOptimal are 
shown higher in the table and more tangential topics are lower. 

• From left to right, the organizations are organized by category: research initaitives, code and 
policy efforts, and market pathway projects. 

• The intersections of topic and organization are shaded green. The shade of green varies by 
utility to GridOptimal. Darker green means that the work a particular organization (column) is 
doing on a particular topic (row) is more useful to GridOptimal. Cells without any shading 
indicate minimal utility to GridOptimal. 

For example: Energy Flexibility is a topic that we expect to be highly integral to GridOptimal, so it 
appears in the first row. Annex 67’s work on Energy Flexibility is likely to be very useful to GridOptimal. 
The national labs (NREL, PNNL, LBNL, and LLNL specifically) are also working on the same topic and their 
work will also be quite useful. A few other organizations are doing work that touches on the same topic, 
but to a lesser degree (or their focus makes them likely to be less topical for GridOptimal). 
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Table 1. GridOptimal Market Scan Summary Matrix 
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Controls                             
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Building electrical resiliency                             
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Electrical Rate Structures                             
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Electrification of gas loads                             
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3.1.1. Existing Metrics 
NBI has identified no other organizations or projects whose primary goal is to produce the same set or 
category of buildings-oriented metrics defining the quality of building-grid interactions that GridOptimal 
is seeking to develop. However, certain research projects and other organizations are undertaking work 
that defines metrics that GridOptimal can learn from and leverage.  

  

http://www.annex67.org/
https://www.watttime.org/
https://www.nrel.gov/
https://www.pnnl.gov/
https://www.llnl.gov/
https://www.lbl.gov/
https://www.energy.gov/eere/buildings/buildings-grid-integration-0
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings
https://www.rmi.org/our-work/electricity/elab-electricity-innovation-lab/
https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012-1.pdf
https://www.energy.ca.gov/research/microgrid/
http://www.cpuc.ca.gov/infrastructure/
https://www.gsa.gov/about-us/organization/office-of-governmentwide-policy/office-of-federal-highperformance-buildings/policy/green-building-advisory-committee/advisory-committee-task-groups
https://rev.ny.gov/
http://peer.gbci.org/
https://usgbc.org/leed
https://www.arup.com/perspectives/publications/research/section/redi-rating-system
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3.1.2. Overviews of Selected Related Efforts 
NBI has drafted brief overviews of a few selected related efforts identified in the table above. The 
following efforts are near the top of the list of topics more integral to GridOptimal, , and are shaded 
dark green in the table, meaning that we expect to leverage this work or to interact closely with the 
organization or effort. The four efforts described in more detail here are: 

• IEA Annex 67 
• LBNL’s Frameworks and Metrics project 
• WattTime 
• USGBC’s PEER and LEED rating systems. 

3.1.2.1. IEA Annex 67 
The International Energy Agency (IEA) Energy in Buildings and Communities (EBC) program launched 
their Annex 67 “Energy Flexible Buildings” cooperative effort in 2015. A total of 16 different countries 
are participating, representing Western Europe, Canada, and China (the USA is not participating). This 
effort is largely supported by universities, and has a very academic focus. Dozens of research papers 
have been published, largely focused on case studies and on investigations into the theoretical capacity 
for buildings to enhance their energy flexibility. NBI has leveraged existing Annex 67 work to help build 
out the theoretical framework of metrics in GridOptimal (that is, what to measure and how to measure 
it). For example, both Capacity (e.g. the magnitude of potential demand modification) and Time aspects 
(e.g. the duration of a demand modification) have been useful when constructing GridOptimal’s metric 
framework. 

  

Figure 1. Annex 67 has produced dozens of case studies that identify specific metrics related to energy flexibility capabilities in 
buildings (and the events that take advantage of those capabilities). This diagram shows an idealized energy flexibility event and 
highlights various parameters including energy demand modification capacity (Δ), energy savings (A) and rebound effect (B), 
notification time required (τ), time to max effect (α), and total duration (β). Source: Annex 67 Position Paper. 

http://www.annex67.org/
http://www.annex67.org/publications/position-paper/
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3.1.2.2. LBNL Framework & Method to Define Flexible Loads in Buildings to Integrate as a Dynamic & 
Predictable Grid Resource 

This project is part of the US Department of Energy’s (DOE) Grid Modernization Laboratory Consortium 
and is related to the Building Technology Office’s (BTO) Grid-interactive Efficient Buildings (GEB) work1, 
launched in October 2018. The work is being led by Lawrence Berkeley National Lab (LBNL) in 
collaboration with Lawrence Livermore National Lab (LLNL) and Argonne National Lab (ANL). The 
purpose of this project is to quantify changes in flexibility potential that reflect end use technology and 
system interactions across 3-4 U.S. regions for 2-3 scenarios. 

The team seeks to define a theoretical framework (including metrics and typical demand profiles) to 
define the capability of a small set of nonresidential buildings to modify their demand profiles to match 
the needs of the grid in two or three specific US regions. The labs team will develop the framework using 
a mix of simulations, field studies, and physical calibration tests (using the LBNL FLEXLAB® facility) to 
compute flexible building-level load and resource availability. This includes modeling occupant thermal 
acceptability thresholds/outcomes during load shedding/DR events to quantify tradeoffs between 
flexibility from global temperature adjustments and discomfort risk, given different scenarios of zone or 
sub-zone level occupant environmental control. ANL will evaluate the uncertainty associated with the 
research. 

NBI has been in contact with this project’s leaders on behalf of the GridOptimal Buildings Initiative and 
conversations are ongoing about how best to collaborate and build on the achievements of each 
initiative. 

In Table 1, multiple national labs, including LBNL, LLNL, the National Renewable Energy Lab (NREL), and 
Pacific Northwest National Laboratory (PNNL), share the same column. Multiple research projects led by 
national labs are likely to be useful for GridOptimal. For example, NREL is leading a project focused on 
generating and evaluating potential real-time / time-of-use rate structures in a variety of grid-
decarbonization and grid-evolution scenarios across various regions. Separately, NREL has done 
preliminary work, and expects to do more, to forecast hourly grid carbon emission factors into the 
future2. These projects, while disparate, are combined to keep the table to a manageable size. 

                                                             
1 DOE BTO is making its GEB work a high priority and is dedicating a substantial amount of staff time and funding to 
a wide variety of projects related to this topic. This section discusses one of many DOE GEB related projects. 
2 NREL’s Cambium project expects to produce hourly forecasted total and net load, average and marginal 
emissions, energy cost, and generation mix in more than a hundred regions of the country. The project team 
expects to have preliminary results by late 2019. NBI is in close communication with the NREL team working to 
develop this dataset and expects to leverage these results for GridOptimal. 
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3.1.2.3. WattTime 
WattTime is a nonprofit subsidiary of Rocky Mountain Institute that is focused on leveraging emissions 
data to enable automated emissions reduction. Broadly, WattTime’s intent is to enable customer choice 
in the energy sector by providing quantitative and real-time answers to this question: “How clean is the 
electricity I’m using right now?” To answer that question, WattTime has built up the most 
comprehensive database available on real-time marginal emissions data.  

NBI has entered into a 
limited data-sharing 
agreement with WattTime, 
enabling us to access and 
use specific marginal 
emissions data for research 
purposes. NBI may share this 
data only in aggregated 
form. WattTime’s granular 
marginal emissions data are 
updated every five minutes 
and cover most of the 
country. 

 

3.1.2.4. USGBC’s PEER and LEED Rating Systems 
The US Green Building Council (USGBC) and its sister organization, Green Business Certification, Inc. 
(GBCI) develop and administer the Leadership in Energy and Environmental Design (LEED) and 
Performance Excellence in Electricity Renewal (PEER) rating systems. The GridOptimal Buildings Initiative 
(itself a joint initiative of NBI and USGBC) is not developing a rating system as such, but rather defining a 
framework and metrics to measure building-grid interactions. GridOptimal also provides a useful venue 
to provide guidance for building-grid interaction stakeholders. 

Collaboration with third-party rating system providers, particularly USGBC/GBCI, represents a critical 
market pathway for GridOptimal. This has already begun. For example, we have collaborated with 
USGBC to develop and review credit language for grid harmonization in LEED v4.1. We expect to 
continue this collaboration as GridOptimal develops. As part of the market scan, we evaluated the 
credits and categories existing within LEED and PEER that are relevant to this effort and determined that 
GridOptimal metrics will be a useful (and feasible) addition to these rating systems. In-depth 
collaboration throughout the metric development process will be important to align GridOptimal 
metrics with the LEED and PEER rating systems. 

  

Figure 2. WattTime Marginal Carbon Data Availability as of April 2019. Source: 
https://api.watttime.org  

https://www.watttime.org/
https://new.usgbc.org/leed
http://peer.gbci.org/
https://www.usgbc.org/node/11963728?return=/credits/new-construction/v4.1/energy-%26amp%3B-atmosphere
https://api.watttime.org/
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3.2. Grid Data Availability 
The electricity grid in North America is a very complex system, with a wide variety of public and private 
organizations dedicated to maintaining, operating, and improving various components and regions of 
the grid. Because the GridOptimal Buildings Initiative seeks to bridge the gap between the priorities of 
the grid operator and the priorities of the building designer, owner, and operator, it is critical to clearly 
understand what the needs of each party are. Therefore, NBI has researched the availability of 
quantitative grid-side and building-side data. In this section, we summarize the availability of data 
related to the grid. This information will be used to feed into the metrics and to define, quantitatively 
and qualitatively, conditions and priorities of the grid across regions and seasons.  

One substantial data-related challenge we have encountered is that while hourly gross load (total power 
on the system) is relatively frequently available, hourly net load is often not (of course, we are seeking 
to gather this data whenever available). Net load, in this case, refers to the difference between total 
generation and intermittent renewable generation (mainly solar and wind power, plus some run-of-river 
hydro and other minor sources). In some regions, including California, Hawaii, and Texas, intermittent 
renewables are beginning to account for a substantial portion of gross load in certain hours of the year. 

Very broadly speaking, the grid may be conceptually divided into three sectors: generation, 
transmission, and distribution. 
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3.2.1. Generation 
There are a few reasons that we must pay attention to generation. One, Distributed Energy Resources 
(DERs) at the building scale are extremely relevant of course and DER management is likely to play a 
significant role in GridOptimal’s metrics and guidance. Two, the load stack (which generation resources 
are running when and in what priority loading order) directly influences the overall cost of energy at the 
building and the carbon dioxide emissions (and other pollutants) attributable to building energy 
consumption. There are some key aspects that are important to consider, including peak demand, 
emissions, and cost (it should be noted that the details of the generation sector can become too 
complex for consideration at the project level). 

The Energy Information Administration’s Electricity Data Browser contains a wealth of information 
about the primary sources of energy used in the electricity sector in the US. An example of the data that 
can be found here is shown in Figure 3. This dataset was used to create a graphical and easy-to-use New 
York Times interactive feature called “How Does Your State Make Electricity,” published in late 2018. In 
general, a lack of data about generating resources and the load stack is a barrier for GridOptimal.

 
Figure 3. In the last ten years, coal has ceded its #1 position as America’s primary energy source to natural gas. Renewables are 
the fastest-growing sector but are still relatively small compared with coal, natural gas, and nuclear energy. Data source: U.S. 
Energy Information Administration Electricity Data Browser.  

 

 

https://www.eia.gov/electricity/data/browser/
https://www.nytimes.com/interactive/2018/12/24/climate/how-electricity-generation-changed-in-your-state.html
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3.2.2. Transmission 
The transmission grid transfers electricity at high voltage (typically 69kV up to 765 kV) across large 
distances, from generators to substations. Transmission grid data is useful because many of the large-
scale trends driving the transformation of the grid, and pushing the evolution of building-grid 
interactions, are most visible at the transmission scale. Transmission-scale data is often publicly 
available and accessible at the regional level. There is no single comprehensive source for historical or 
detailed forecast data for all 
transmission systems across North 
America. The most complete 
source for electricity transmission 
system data is generally the grid 
administrator: the Independent 
System Operator (ISO) or Regional 
Transmission Organization (RTO). 
The Federal Energy Regulatory 
Commission’s interactive overview 
of national electric markets 
provides a good overview of the 
grid’s regulatory oversight 
structures. About two thirds of 
electricity consumers in the US and 
half of those in Canada are served 
by the nine members of the 
ISO/RTO Council3. In these regions, 
the transmission system is 
operated independently (that is, 
not directly operated by utilities). 
The southeast, southwest, and northwest are served by traditional wholesale electricity markets in 
which utilities are responsible for transmission system operations and management. This difference in 
regulatory oversight structure is relevant to GridOptimal because data on the transmission grid in these 
regions is typically held by the utility (or another entity such as Bonneville Power Administration) and 
grid data availability varies widely. Grid load data can be available from these entities but is more often 
available from ISOs or RTOs. 

For example, the California ISO Today’s Outlook tool is a useful and user-friendly tool to visualize and 
access data on California’s transmission-level electricity system. In these regions, transmission data are 
sometimes available on a utility-by-utility basis or from a federal entity such as the Bonneville Power 
Administration in the Northwest. Transmission data format, availability, and content vary substantially 
across the continent’s ISOs, RTOs, utilities, and other entities. For the most part, we are using regional 
averages as placeholders when more detailed data are not available. NBI has leveraged ISO (and similar) 
datasets where possible to evaluate the state of the transmission system in various regions of the 
country. To date, NBI has gathered transmission-level load data for California (CAISO), Texas (ERCOT), 
the Great Plains and Midwest (MISO and SPP), New York (NYISO), New England (ISO-NE), and the 
                                                             
3 According to the ISO/RTO Council. https://isorto.org/about-the-irc/  

Figure 4. Substantial portions of North America are not covered by an ISO, including 
most states west of the Rocky Mountains save California. Source: ISO/RTO Council. 

https://www.ferc.gov/market-oversight/mkt-electric/overview.asp
https://www.ferc.gov/market-oversight/mkt-electric/overview.asp
http://www.caiso.com/TodaysOutlook/Pages/default.aspx
https://www.bpa.gov/transmission/Reports/Pages/TTSL.aspx
https://www.bpa.gov/transmission/Reports/Pages/TTSL.aspx
https://isorto.org/about-the-irc/
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Northwest (BPA). This information serves to define the grid characteristics (total and net load, ramp 
rates, carbon, etc.) for regions because transmission regions like those shown in Figure 4 typically share 
the same, or nearly the same, grid mix at any given time. To add to the complexity of the picture, 
electricity can flow between regions, though the quantity of inter-ISO electricity transmission is usually 
quite small compared to intra-ISO electricity transmission. These cross-regional flows are very difficult to 
characterize in a consistent and useful way and are currently ignored for GridOptimal purposes. 

In the section later in this report titled “A Tour of the Zoo” we provide a more detailed overview of some 
of the new and upcoming transmission-scale issues being encountered in different regions of North 
America. 

3.2.3. Distribution 
The distribution grid uses lower-voltage equipment (below 46 kV) to transfer power locally from the 
substation down to the retail end user (usually at 120-480V). Retail distribution of electricity is typically 
administered by the utility. The availability (and existence) of data related to the distribution grid varies 
widely across utilities. Through conversations with distribution engineers, utility planners, consultants, 
and other experts in the field, NBI has come to the conclusion that GridOptimal can help catalyze “non-
wires alternative” solutions that help address challenges at the distribution grid level. Because electricity 
distribution is generally handled at the utility level, distribution grid condition data (e.g. load profiles at 
the substation level) is primarily available from the distribution utility. Data availability, format, and 
composition vary by utility. Multiple supporting members of the GridOptimal Buildings Initiative have 
agreed to share distribution grid condition data with NBI to support the development of GridOptimal 
metrics. 

The parameters that are most important to the grid at the distribution level can vary widely from one 
utility to another and within individual utilities, across both space and time. That is, distribution grid 
challenges and priorities are driven by local factors that may change from one substation or feeder to 
another and from day to day and hour to hour. 

3.2.4. Greenhouse Gas / Carbon Dioxide Emissions 
NBI’s relationship with WattTime has enabled us to perform useful investigations into the emissions 
impact of building load modification and energy flexibility. Carbon emissions factors (the multipliers 
needed to translate on-site energy consumption in kWh into grid carbon dioxide impacts) vary 
significantly by location, by season, by day, by hour, etc. The generation mix refers to the combination of 
resources (coal-fired thermal, simple cycle gas turbine, solar PV, etc.) used to produce grid-delivered 
electricity. However, generation mix and carbon emissions factors are often more easily available on an 
annual basis, not an hourly basis. NBI has a cooperative data-sharing agreement with WattTime, which 
grants access to hourly and sub-hourly interval data on marginal carbon emissions content on the grid4. 
WattTime has both historical and real-time carbon emissions interval data for most regions across the 
US and Canada. 

                                                             
4 WattTime publishes marginal carbon data, not average carbon data. RMI and WattTime collaborated 
to provide a brief overview of the implications of measuring emissions on a marginal or average basis.  

 

https://www.rmi.org/combating-climate-change-measuring-carbon-emissions-correctly/
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Additionally, for certain locations, substantial information is available from the open-source 
electricityMap, which uses data from a wide variety of sources and performs back-of-house calculations 
to provide estimated real-time and historical average and marginal emissions rates for a variety of 
locations in North America and around the world. 

3.3. GridOptimal Market Scan Conclusion 
There is a real need for clear, consistent metrics to measure the quality of building-grid interactions. 
GridOptimal is in a unique position due to its focus on empowering building designers and operators to 
consider the impact of buildings on the grid. It is important to build on the work already done by other 
organizations and to work collaboratively with organizations moving related projects forward today. A 
variety of other efforts are underway that are relevant and that may be leveraged to support 
GridOptimal. 

Some of the biggest barriers have to do with data availability: from electricity generation (e.g. load 
stack) to the distribution grid (e.g. substation), there is a real lack of comprehensive and accessible 
datasets on the grid. Similarly, building-side datasets are limited in terms of availability, 
comprehensiveness, and quality (for instance, some topical case studies are available but 
comprehensive evaluations of the potential for load modification and energy flexibility are not). 
Nevertheless, we expect that much of the information needed to build the framework for GridOptimal 
metrics and to evaluate their applicability in pilot settings is available from the resources identified here 
(although we do expect that we will need to undertake research to fill in gaps in data, both on the 
building and the grid side, and to answer specific questions). 

As a result of performing this market scan, NBI is confident that the GridOptimal Buildings Initiative is 
necessary and will fill a unique position in the field. 

 

  

  

https://www.electricitymap.org/
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4. A Tour of the Zoo: New Grid-Scale Challenges across North 
America 

4.1 Grid Load Data and Animal Curves 
As renewable generation increases at both the individual building and grid scale, grids are facing new 
challenges to balance loads and generation efficiently, reliably, and cost-effectively. High levels of solar, 
wind, and hydro energy each bring a different challenge based on the variability, time of day, and 
magnitude of the generation. A combination of demand-side factors (load curves in buildings as well as 
distributed generation) and supply-side factors (the rise of low-cost, high-scale renewable energy) are 
driving new conditions on the grid. 

CAISO and NREL coined the term the “duck curve” to discuss the challenges posed by poorly aligned 
gross and net loads in a solar-heavy grid (California). However, in other locations the demand profile and 
generation mix are different, leading to different challenges. Following the lead set by CAISO and NREL, 
various other entities have plotted gross (total) load and net (total minus renewables) load at the ISO or 
sub-ISO level and compared the resulting load curves to animals: the “alligator curve,” “armadillo 
curve,” “Champ curve,” and “grey whale curve.” This has become a relatively common way to 
characterize the resulting demand and generation curves that pose new challenges for grid operators. In 
this section, we document several gross and net demand curves, and the underlying challenges they 
represent, across North America. 

4.2. Regional Variability of Grid Conditions 
The regional variation of grid challenges is driven by a combination of the demand side (i.e. heating and 
cooling loads) and the electricity generation mix, including renewables, of a particular area. These 
variations impact the seasonal needs of various grid regions, particularly in the warmest summer and 
coldest winter months which generally coincide with the highest energy demand for the year.  

4.3. Transmission Level Challenges  
Transmission scale challenges vary by region and will continue to evolve as changes in energy policy and 
market trends come into play. Policy drivers including renewable portfolio standards, electrification 
goals, and energy efficiency targets shift the energy generation and demand landscapes in different 
ways. The various challenges are briefly outlined below in order to highlight the range of grid challenges 
seen today.  

4.3.1. Animal Grid Curves by Region 
Regional challenges to reliable and efficient energy transmission as transient renewable energy 
generation ramps up are varied. The fast-changing energy supply mix and demand profiles of different 
regions combine in unique ways that pose increasingly important obstacles for system operators. These 
combinations are categorized by general trends in total and net (total minus renewables) demand seen 
throughout the year and during peak days.  

  

https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/
https://www.greentechmedia.com/articles/read/renewables-integration-in-the-midwest-is-a-whole-other-animal
https://www.sierraclub.org/texas/blog/2016/07/it-all-comes-sunshine-texas-s-electrical-future-armadillo-curve-concerns-ercot
https://www.sierraclub.org/texas/blog/2016/07/it-all-comes-sunshine-texas-s-electrical-future-armadillo-curve-concerns-ercot
https://www.veic.org/.../vermont-solar-market-pathways-volume1-summary.pdf
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4.3.1.1. Duck Curve (California)5 
The duck curve is characterized by a mild morning peak followed by a stronger evening peak in total 
energy demand. The renewable energy profile in California is dominated by solar PV, which 
concentrates generation during daylight hours, thereby creating the “belly of the duck”. As the sun sets 
and overall energy demand increases in the evening, a large burden is placed on non-solar generating 
plants to meet the rapidly increasing demand. As solar installations continue to grow in California, this 
ramp-up is expected to become more dramatic.  

 
Figure 5. The “duck curve” describes a forecasted situation related to gross and net load at the CAISO level. The underlying issue 
(solar generation pushes net load downward during mid-day but does not resolve evening peak loads) occurs most significantly 
during the spring and fall. The situation is somewhat different during summer, which is also when CAISO total system load 
peaks. Typical “duck curve” charts show a spring day in 2020. Charts by NBI, data from CAISO. 

 

                                                             
5 https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/  

https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/
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4.3.1.2. Champ Curve (Vermont)6 
In Vermont, while the weather may be very different from California, the grid situation is similar. High 
solar penetrations (current and forecasted) lead to over-generation during summer daytime periods. 
This situation is forecasted to become significantly more intense. “Champ” is the mythical monster that 
lives in Vermont’s Lake Champlain. Champ has a long neck much like Scotland’s Nessie. Champ is not 
exactly a duck, but the curve is similar. Vermont has an additional issue in that there is a significant 
amount of intermittent wind energy resources on the grid. 

 
Figure 6. The Champ Curve. Source: Vermont Energy Investment Corporation’s Solar Market Pathways report, Dec 2016. 

  

                                                             
6 http://veic.org/documents/default-source/resource/reports/vermont-solar-market-pathways-volume1-
summary.pdf  

http://veic.org/documents/default-source/resource/reports/vermont-solar-market-pathways-volume1-summary.pdf
http://veic.org/documents/default-source/resource/reports/vermont-solar-market-pathways-volume1-summary.pdf
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4.3.1.3. Nene Curve (Hawaii)7 
The nene is a native Hawaiian goose, and its long neck looks a lot like the neck of a duck. Largely driven 
by residential solar PV installations, Hawaii is facing conditions of negative overall grid energy demand in 
some areas and times. Around 10% of homes in Hawaii have solar installations8. During peak solar 
generation, grid operators must manage oil-fired power plants to keep up with the rapid changes in 
demand as solar ramps up during the day and back down at night. Hawaii likely has the most extreme 
case of solar over-generation to date in the USA.  

 
Figure 7. The nene curve. Source: Hawaiian Electric, Maui Electric, Hawai’I Electric Light. 

  

                                                             
7 https://www.greentechmedia.com/articles/read/hawaiis-solar-grid-landscape-and-the-nessie-curve  
8 Ibid 

https://www.greentechmedia.com/articles/read/hawaiis-solar-grid-landscape-and-the-nessie-curve
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4.3.1.4. Armadillo (Texas)9 
In Texas, the renewable generation mix includes both solar PV and wind. Wind generation tends to be 
higher at night and in the winter months, which complements solar PV generation well (higher during 
the day and in the summer months). The challenge in Texas is the gap which commonly occurs in the 7-
10 pm range, when solar generation has dropped off and wind generation has not yet ramped up. This 
lull in renewable generation coincides with higher total energy demand that occurs in the 5-8 pm range. 
The combination of these two factors results in the red spike (unserved load) between 7-10 pm and 
resembles the pointy ear of an armadillo. 

 
Figure 8. The Armadillo Curve in Texas. Load and Net Load use the left axis; wind, solar, and unserved load use the right axis. 
Source: Cyrus Reed, Sierra Club (Lone Star Chapter)  

                                                             
9 https://www.sierraclub.org/texas/blog/2016/07/it-all-comes-sunshine-texas-s-electrical-future-armadillo-curve-
concerns-ercot  

https://www.sierraclub.org/texas/blog/2016/07/it-all-comes-sunshine-texas-s-electrical-future-armadillo-curve-concerns-ercot
https://www.sierraclub.org/texas/blog/2016/07/it-all-comes-sunshine-texas-s-electrical-future-armadillo-curve-concerns-ercot
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4.3.1.5. Alligator (MISO, Upper Midwest)10 
The Midwest has a high penetration of wind energy, with relatively low levels of solar deployment. Wind 
generation is less predictable than solar, but offers potential generation 24 hours a day. The main 
concern with high wind production is that it is unpredictable, and could cause severe ramps for the grid 
due to short-term weather patterns affecting a large portion of the wind turbine fleet. One solution for 
high wind regions is rapid response loading or load shedding at the building level. Batteries, electric 
vehicles, and other rapidly deployable loads can help mitigate the swings in wind generation to offer the 
grid a smoother net load profile. The alligator shape appears in Figure 9 because of low night-time net 
load and high evening net load, but wind energy’s inherent intermittency (Figure 10) means that the 
alligator curve demonstrates a common, but by no means constant, state of affairs in the Midwest. 

 
Figure 9. The Alligator Curve. Source: Andrew Twite, Fresh Energy, June 2018. 

 
Figure 10. Intermittent wind generation causes steep ramps (upward and downward) in net load. Note the sharp decline in wind 
energy output between 6 pm and 11 pm, which causes a steep upward ramp in the net load. When the wind picks back up 
around 12 am, the net load drops off again sharply. 

                                                             
10 https://fresh-energy.org/renewable-integration-in-the-midwest-is-a-whole-other-animal/  

https://fresh-energy.org/renewable-integration-in-the-midwest-is-a-whole-other-animal/
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4.3.1.6. Whale (BPA) 
The Pacific Northwest region is hydro and wind dominated. While this combination offers a good mix of 
flexible generation and 24-hour generation, overgeneration problems occur seasonally (typically in the 
spring) when high water flows in the Columbia River coincide with consistent wind generation. For this 
region, daily energy storage11, and (farther into the future) seasonal energy storage, would alleviate 
overgeneration concerns by offering an avenue for excess wind and hydro energy. In the meantime, 
surplus in the PNW is routinely marketed to other utility regions. 

Multiple pumped-storage facilities are proposed in the region, including a 400 MW facility in Oregon 
that will provide nine hours of energy storage capacity to the region12. The regional net demand shown 
in Figure 11 peaks in the morning hours, which is a relatively typical scenario in a region dominated by 
large hydro and wind farms, and the net demand curve looks like the humped back and tail of a grey 
whale. 

  

Figure 11. The Grey Whale Curve. Data source: BPA, NWPCC. Analysis and graphic by NBI, 2019. 
 

  

                                                             
11 https://katu.com/news/local/too-much-power-bpa-looks-at-ways-to-store-excess-energy  
12 The Swan Lake North project in southern Oregon was recently granted a 50-year Federal Energy Regulatory 
Commission operating l icense. https://www.hydroworld.com/articles/2019/05/ferc-issues-original-license-for-393-
3-mw-swan-lake-north-pumped-storage-hydroelectric-project.html  

https://katu.com/news/local/too-much-power-bpa-looks-at-ways-to-store-excess-energy
https://www.hydroworld.com/articles/2019/05/ferc-issues-original-license-for-393-3-mw-swan-lake-north-pumped-storage-hydroelectric-project.html
https://www.hydroworld.com/articles/2019/05/ferc-issues-original-license-for-393-3-mw-swan-lake-north-pumped-storage-hydroelectric-project.html
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4.4. A Tour of the Zoo: Conclusions and General Findings  
Grid transitions are creating new challenges for grid operation. Load shapes increasingly vary across 
seasons and regions, depending on supply (fuel mix and renewable deployment) and demand (seasonal 
heating or cooling needs, for example). 

Regions with evening grid load peaks and high solar penetration such as California and Hawaii face 
challenges related to a basic mismatch between the mid-day renewable energy generation peak and the 
evening overall grid demand peak. On the other hand, a region with high wind energy penetration rates, 
such as the northern Great Plains, may see renewable energy production spike overnight. 

Although grid challenges vary regionally, several commonalities exist which can be addressed nationally.  

1. First, energy demand typically peaks in the evening, anywhere from 4-8PM. This evening peak 
often coincides with solar generation ramping down (as in California) and/or wind generation 
not yet ramping up (as in Texas).  

2. For regions with heavy reliance on either wind or solar, this evening peak is preceded by a steep 
ramp-up rate. Hydro, while inherently flexible, is limited by non-energy-related factors (e.g. 
water resource conservation, flood control, irrigation, etc.) which can significantly limit the 
feasible range of energy output from these power plants. 

3. Finally, most grids experience a morning peak. While the morning peak is usually not as 
significant as evening peaks, it presents an opportunity for buildings to adjust energy demand to 
further support healthy grid operation. 

There is a need to adopt systems to empower the building sector to better respond to these challenges. 
The electricity grid is undergoing rapid transformation and new solutions are critically needed. The 
policy-driven grid transition away from coal and toward renewables is the major driver of the need for 
new tools across the grid and building sectors. The GridOptimal framework will offer a way to quantify 
buildings as assets to the grid. We need to incentivize the design, construction, and operation of 
buildings with grid-friendly load shapes and flexible energy demand that can maximize renewable 
energy consumption, reduce stress on the grid, and maintain occupant comfort.  
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5. Commercial Building Load Modification and Flexibility Potential: 
Preliminary Evaluation 

The role of buildings in the modern electricity grid is evolving as more intermittent renewable energy is 
incorporated into the grid. A variety of building and utility trends, including smart technology, 
increasingly affordable and common distributed renewables, and changes in rate structures will drive 
utilities, regulators, designers, and building owners to consider how choices made in the design and 
operation of buildings impact the grid. This research intends to evaluate the potential for a limited 
selection of building design and operational strategies to modify building load shapes and enhance 
energy flexibility in commercial buildings. This preliminary analysis will inform broader conversations 
and form the basis for further research, primarily within the GridOptimal Buildings Initiative but also in 
other settings, about the scale and role of load modification and energy flexibility in buildings as 
building-grid interactions evolve. 

The content here is a summary of Commercial Building Power Reduction And Flexibility Potential: 
Preliminary Evaluation Report, a report prepared for the GridOptimal Buildings Initiative by Red Car 
Analytics and NBI. The full report is available to members of the GridOptimal Buildings Initiative and has 
been provided as a separate document, in parallel with this document.  

5.1. Research Implications and the Grid Context 
The implications of this research vary substantially based on the conditions of the grid in which the 
building is located. The ways in which building load modification and energy flexibility measures can be 
used to support grid operation and to minimize the emissions associated with electricity generation may 
be very different in different regional and seasonal conditions, today and in the future. The scope of this 
analysis is limited to an evaluation of the potential for selected load modification and energy flexibility 
measures in a few specific locations, and does not include a consideration of the constraints, challenges, 
emissions profiles, and other characteristics of the electricity grids in which these buildings sit. Further 
research into these questions will be conducted by NBI and its partners in the GridOptimal Buildings 
Initiative.  

This analysis produced a broad set of information about how building energy efficiency and controls 
strategies can be used to impact peak power demand and demand shape. The insights from this report 
describe a set of possible observations which could be made from studying these results. The key 
findings indicate that significant adjustments to building load shape are possible to support grid 
integration and that load modification and energy flexibility measures may be best applied in packages.  

5.2. Modeling Approach and Prototypes 
Two prototype new construction office buildings were created: one built to common energy standards 
and design (“Code Compliant”) and the second built to represent a high performance near net zero 
energy building (“High Performance”). Across three climates, the two office types started at very 
different peak power demands without any GridOptimal measures applied. When a package of 
measures was applied, the power demand for both buildings started to approach similar levels of power 
demand and power shape. Shown below are the results of an optimized package applied to a code 
compliant building in Austin, TX. Figure 12 and 13 show the load profile of a summer day of a building 
(shaded area) compared to its baseline case (grey line).
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Figure 12. A package of load modification measures produced a 33% drop in peak load, and shifted power consumption much 
earlier in the day. Hours are shown along the X axis; power is shown on the Y axis. Source: Red Car Analytics, 2019. 

5.3. Measure-level Findings 
While this analysis was very focused and intended only to estimate potential magnitudes of load shape 
modification impacts in a limited number of scenarios, it does suggest that high-performance buildings 
inherently provide better load shapes for grid integration by reducing peak loads and maximizing the 
load factor. 

 
 
Figure 13 shows a typical summer 
day power profile of a combination 
of measures applied to a building in 
Austin, TX. The dark line indicates 
the building without any measures; 
the colors indicate the stacked 
energy end uses in the building 
after grid integration strategies 
have been applied.  

Figure 13. Disaggregated load shape, showing the contribution of various end 
uses in the building to the overall building’s load profile. The package of 
measures shown here is the same as that shown in Figure 12. Source: Red Car 
Analytics, 2019. 
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The most impactful packages shared the following attributes: 

1. They were able to reduce power from the initial coincident hour that the building’s demand 
peaked. 

2. They reduced the annual peak by 40% to 50% depending on the base building type. 
3. Most packages shifted the hour when the building peaked. 
4. The shift in hours from the initial peak to the new peak was 2 to 3 hours typically. 
5. Peak demand reduction opportunities associated with summer cooling peaks are generally 

larger, and fundamentally different, from those associated with winter heating peaks.  
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6. Development of Metrics and Framework 
The development of GridOptimal metrics is still underway. At this point the work has focused on 
developing a framework that defines how we expect these metrics to work. NBI has begun work on a 
working model (spreadsheet) that is approximately 75% complete (as a framework; the underlying data 
libraries that will be necessary to apply the framework across regions are not yet populated). We have 
developed various tools, including spreadsheet (Excel) tools and visualization tools that leverage 
Tableau. Data from multiple sources, including the preliminary evaluation of commercial building load 
modification potential, carbon impact factors (e.g. WattTime data), and ISO-level or distribution-level 
grid conditions, may be combined and evaluated using these tools. 

By considering the needs of the grid as well as other considerations (e.g. carbon profile) during the 
design process, decisions can be made that permanently modify the building’s load profile in ways that 
are expected to better align the building’s load with grid conditions and needs, emissions goals, or other 
priorities. Also, buildings can be designed and built with specific features that enhance the building’s 
capability to respond to grid needs or other signals. GridOptimal metrics seek to measure a building’s 
performance (projected or actual) and capabilities in both of these categories. 

While the structure and specific workings of GridOptimal metrics is still in development, it may be useful 
and illustrative to explain the types of data that we expect to use as data inputs (building-side and grid-
side), to explain the evaluation categories being considered, and to provide an example of how 
GridOptimal outputs might be represented and organized. 

6.1. Building-Side Data Inputs 
The GridOptimal metrics framework relies on building-related data inputs of two basic types: inputs 
related to the building’s load profile and inputs that have to do with the building’s feature set. 

6.1.1. Building Load Profile 
The building load profile, or load shape, refers to the pattern of electricity demand for a building 
throughout a day, week, month, season, or year. Generally speaking, the metrics framework uses 
the whole-building demand, measured in kW, for all timesteps (hours, 15 minute periods, etc.) over 
one year. This load shape could be predicted, from an energy simulation model, or actual, from 
historical meter data. In some situations it may be helpful to normalize load profiles by building size 
and/or other factors. Quantifying a building’s load profile in the context of a GridOptimal metric 
(that is, defining what is “good”) involves looking at this through multiple lenses: building peak, grid 
peak, upward and downward ramp rates, marginal carbon emissions impacts, and others. We are 
building a framework that allows us to evaluate load profiles of buildings, or groups of buildings 
(campus, district, feeder, etc.) in terms of these and other considerations. The variances between 
baseline and rated conditions are normalized and can then be rolled up to an annual basis using 
weighting factors (by timestep) that are calculated separately based on grid-side data inputs. 

6.1.2. Building Features  
The second category of building-side data inputs in the GridOptimal metrics framework has to do 
with specific building features (assets and capabilities). These can be considered more like 
prescriptive items that the building may or may not have; more credit is given if the building does 
have certain features. The three examples described here are not a comprehensive list of building 



32 
GridOptimal Buildings Initiative Phase One Outcomes Summary | June 2019 | ©New Buildings Institute 

feature types that will be included but are useful to explain what sort of building features are being 
considered and how they may be used. 

(a) Energy flexibility is important both for addressing large-scale challenges like the duck curve and
localized grid support needs at the distribution level. 13 The most valuable energy flexibility from 
the grid operator’s perspective is dispatchable (directly controlled by the grid operator or a third
party such as an aggregator), which increases the confidence grid operators can have that
building flexibility can be relied on when they really need it. Therefore, a building that is capable 
of reducing its demand by 25% during a grid critical peak time would get more credit than one
that is capable of reducing its demand by 10%. Additionally, a building whose energy flexibility is 
dispatchable would get more credit than one with similar, but non-dispatchable, flexibility.

(b) Behind-the-meter energy storage technologies have great potential to enhance energy flexibility
but if they are not controlled carefully they can amplify, rather than mitigate, grid challenges 
and carbon emissions. The features associated with energy storage (communications,
dispatchability, etc.) are very important to their value in the GridOptimal metrics framework.

(c) Finally, some building features can support grid operation and enhance the resilience of the
building and/or the grid, but are not directly related to energy flexibility. For instance, some 
buildings can phase in system startup after a power outage. This can help grid operators restart
the grid by minimizing instantaneous spikes in demand from many systems across an area all
demanding power simultaneously.

6.2. Grid-Side Data Inputs 
It is critical to consider grid characteristics, needs, impacts, and opportunities when evaluating buildings 
in this context. A variety of grid-side data inputs are being considered for inclusion in the GridOptimal 
metrics framework. The specific data selected on the grid side may vary based on what use-case is 
envisioned for a particular GridOptimal application. For example, transmission-level (e.g. ISO load 
profile) data may be useful when considering a building’s performance in terms of the duck curve, but 
more localized data (e.g. substation load profile) may be more important for a distribution utility 
application. Two basic categories of grid-side data inputs are included here as examples. This is not a 
comprehensive list of grid-side inputs under consideration. 

6.2.1.  Grid Load Profile 
 The grid load profile refers to the pattern of electricity demand over time at the scale of the grid. The 
timesteps (hourly, 15-minute, etc.) and timeframe (one year, generally) should be aligned with the 
building load profile to enhance utility and ease of analysis. Depending on the particular application 
intended for the GridOptimal metrics framework, the source data being used to define the grid load 
profile may vary substantially, from regional (or even national) averages all the way down to the 
substation level. The purpose of using grid load profiles, in large part, is to define the highest-priority 
hours for the grid. It is not necessarily mandatory to define all factors throughout a year to do this: these 
factors could be manually defined by a utility or other grid operator, or another dataset such as a Time 
of Use electricity rate could be leveraged. 

13 LBNL’s Shape, Shift, Shimmy, and Shed concepts are useful to get a feel for what is meant by “energy flexibility” 
in this context. 

https://www.greentechmedia.com/articles/read/how-california-can-shape-shift-and-shimmy-to-demand-response
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6.2.2. Generation Mix and Emissions Profile 
The generation mix refers to the combination of resources used to generate electricity (coal, gas, 
nuclear, solar PV, wind, etc.). The emissions profile refers to the intensity of emissions (carbon dioxide, 
generally) associated with electricity consumption over time. The generation mix is important when a 
building is attempting to maximize its consumption of renewable energy (this can refer to grid-delivered 
renewable energy or to maximizing self-consumption of onsite renewable energy). As with the grid load 
profile, the details that define which generation mix and carbon emissions profile is best suited to a 
particular application may vary regionally and by time. These factors may be current or forecasted, again 
depending on the application. 

6.3. Evaluation Categories 
Both building-side and grid-side data inputs may be used to analyze how a building performs, or is 
capable of performing, across a range of evaluation categories. These categories can help measure a 
building’s abilities in a wide range of different contexts, and are generally measured against a baseline 
comparable to the building being evaluated. Some of the evaluation categories that are being 
considered in the GridOptimal metrics framework include: 

• The building’s ability to minimize its peak power demand during grid critical peak hours 
• The degree to which the building’s ramp rate mitigates alignment with grid ramp rates 
• The building’s Renewable Utilization Efficiency (ability to maximize consumption of onsite 

renewable generation) 
• The degree to which the building’s load profile aligns with the regional renewable profile 
• The presence of flexible loads and capabilities in the building 
• The dispatchability of flexible loads and capabilities 
• Core energy efficiency in the building 
• Resiliency capabilities such as phased system startup or islanding 
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6.4. Sample Outputs 
At this stage, discussion of specifics related to GridOptimal metric outputs is very preliminary. However, 
we have included this chart as an example to illustrate some of our thinking about how to present the 
results of the in-depth analysis of a building’s performance and capabilities across a variety of evaluation 
categories. This graphic is intended to serve only as an illustrative example. These categories are not 
final, and other categories are likely to be included in the framework. 

Figure 14 shows an example of potential normalized GridOptimal output metrics for three buildings in 
different locations (Texas, Washington, and California). There is no relationship between the buildings in 
this case – this is merely a demonstration of a concept. The Washington building appears to be relatively 
good at Renewable Utilization Efficiency (i.e. maximizing consumption of onsite renewable energy) but 
performs relatively poorly in the Flexibility and Dispatchability category. 

  
Figure 14. Sample GridOptimal outputs. These measurement categories are not finalized. 
This is intended to serve only as an example to show one option for displaying outputs 
being considered. 
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7. Pilot Projects: An Overview of Current Intent, Approach, and 
Purpose 

NBI has begun to apply current GridOptimal outcomes in concrete, real-world pilot project applications. 
The first pilot project was funded by a community choice aggregator (a county-level municipal electric 
utility company) in California to support incorporation of grid-integration features into their new 
headquarters project. NBI teamed with the building design team (architect and engineer) to evaluate 
grid integration options in the design process. NBI is in discussions to begin a second pilot project in the 
Seattle area. NBI is actively seeking participants in further pilot projects and is pursuing ancillary funding 
to move GridOptimal pilot projects forward. 

7.1. Intent and Purpose 
The intent of GridOptimal pilot projects is to identify opportunities at the project’s design stage to 
demonstrate how buildings can optimize their load profiles and reduce their operational grid carbon 
impact through grid-sensitive design and operation choices. Pilot projects directly support the continued 
development of GridOptimal by providing critical data and analysis of grid integration strategies, and 
help demonstrate specific strategies that can be deployed to minimize emissions and enhance building-
grid harmonization. 

GridOptimal pilot projects focus on identifying strategies that can be deployed by buildings to improve 
building-grid integration. By working with the project team, specific building features and operating 
characteristics that support these goals may be identified and prioritized. These are some examples of 
project outcomes that may fall within the scope of GridOptimal pilot projects: 

• Reduce the impact of building loads on grid ramps and peaks 
• Reduce the operational grid carbon impacts associated with of building loads by targeting 

reduced energy use in periods when the generation of electricity is more carbon intensive 
• Increase community resiliency with independent operating capabilities 
• Incorporate flexible operating strategies that support evolving grid management 
• Explore opportunities to incorporate energy storage and/or electric vehicle charging 

infrastructure into building operation.  

7.2. Deployable Building Strategies 
A wide variety of strategies may be used to accomplish these goals. These are some examples of 
strategies that could be deployed in a pilot project application, at the design stage, to help accomplish 
some of these goals:  

• Building design and operating strategies to minimize late afternoon/evening energy use might 
include strong management of afternoon solar gain, deployment of phase-change materials, 
building operation ‘coasting’ strategies, afternoon temperature setbacks, and battery discharge 
to offset peak loads. 

• Design and operating strategies to manipulate morning HVAC warm-up timing may be explored 
to reduce the morning grid peak. A slow ramp up of building systems could reduce grid impacts. 
Delaying or advancing the morning warm-up could reduce carbon impacts (depending on the 
grid carbon conditions, which vary seasonally and regionally). These strategies can be compared 
to building occupancy requirements. 
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• Consider and evaluate the role of tenants in contributing to load flexibility. This can include plug
load management strategies, appliance operations, and building controls (for example, adjusting
HVAC controls, operating windows, and adjusting lighting).

• Anticipated effects of demand-response appliances and domestic hot water system should be
accounted for in building load projections.

7.3. How Pilot Projects Can Support GridOptimal 
Interaction with pilot projects will enable GridOptimal to analyze measure impacts, evaluate options, 
and explore practical applications. These strategies, and the analysis undertaken to produce the 
recommendations, represent a progressive approach to building/grid integration that will serve the 
building and community well as we move to decarbonize the electric grid and modernize grid operation 
to incorporate new generating resources and transportation loads. Critically, pilot projects can help 
define ways in which GridOptimal strategies can fit into evolving utility programs. By demonstrating 
practical strategies, implementation pathways, and opportunities, pilot projects will help support the 
broader goals of the GridOptimal Buildings Initiative. 
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8. Conclusions and Next Steps
The progress described in this outcomes summary has laid a strong foundation for the GridOptimal 
Buildings Initiative, but this is just the beginning. In the coming year, NBI and the GridOptimal team will 
continue research into grid conditions and building opportunities (e.g. load shape modification and 
energy flexibility). The main focus of our next phase will be on evaluating the potential capability of 
buildings to respond to a variety of grid conditions, so that we can assess the effectiveness of building 
response. It will be vital to maintain the focus on responsiveness and flexibility because the grid is 
changing fast: snapshots of current grid conditions may not be nearly as relevant to building design 
considerations in the future. At the same time, since we expect more data to become available about 
grid operations over time, we will seek to identify how this data can best be incorporated into the 
design process. We will leverage existing research where possible and will work with other entities, both 
private and public, to collaborate on research projects. 

Metric development is the highest priority GridOptimal task in Phase 2. In the coming year we expect 
that the metric framework will be completed, systematized, consolidated, tested, and documented, and 
a detailed description will be provided to the TAC along with a metric framework tool. GridOptimal 
supporters and TAC members will have the opportunity to participate in an in-depth metrics review and 
revision process. Additionally, the datasets that undergird the framework and enable its implementation 
are only partially complete to date. We are using “sample” or default dataset to build out the framework 
and define the formats by which local conditions can be identified as data becomes available. As we 
proceed we will continue to seek and compile information to further build out useful datasets. 

The team is now working to build from the foundations laid in Phase 1, and on the metrics framework, 
to advance work in several other related areas. We expect to perform further development of tasks 
related to: 

• Policy and code avenues and opportunities
• Rating system integration and alignment, including LEED and PEER
• Pilot project implementations
• Utility program criteria development
• Design guidance for architects, engineers, owners, etc.

NBI and the GridOptimal Buildings Initiative team look forward to advancing this critical work and we are 
grateful to our supporters for enabling progress to date and in the future. 



623 SW Oak St, 3rd Floor 
Portland, OR 97205 

503 761 7339 

newbuildings.org 

New Buildings Institute (NBI) is a nonprofit organization driving better energy performance in buildings. 
We work collaboratively with industry market players—governments, utilities, energy efficiency 
advocates, and building professionals—to promote advanced design practices, innovative technologies, 
public policies, and programs that improve energy efficiency. We also develop and offer guidance and 
tools to support the design and construction of energy efficient buildings. 

Throughout its 20-year history, NBI has become a trusted and independent resource helping to drive 
buildings that are better for people and the environment. 

https://newbuildings.org/
https://newbuildings.org/
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