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ABSTRACT 

Hawaii’s clean energy transition demands new insight into the O’ahu electric grid’s 

capacity to integrate distributed energy resources. New methods for providing that 

insight -- advanced hosting capacity analysis -- are maturing for Hawaii’s use, but their 

applicability may be limited by transparency in underlying data. This report builds on 

existing introductions to hosting capacity analysis, with a focus on making those 

methods work for Hawai’i through enhanced transparency of underlying data.  

Pathways to an Open Grid (POG, O'ahu) is an effort to crowd-source a digital, 

transparent, and smart map of the electric grid on O'ahu. The project will create a 

street level view of the network today, and provide analysis to support a 100% 

renewable portfolio standard by 2045. The project is a collaboration between Hawai'i 

Natural Energy Institute and Kevala, an Elemental Excelerator 2017 cohort company, 

and is also using More Than Smart’s expertise to facilitate and report on input from a 

diverse range of informed stakeholders. 

 

KEVALA AND THE NETWORK ASSESSOR TOOL 

Kevala Analytics is a software and data analytics company whose mission is to identify 

areas of opportunity and high cost by providing details about evolving grid 

infrastructure, load, market prices, behavior, and environmental data.  They build 

comprehensive street-level views of distribution grids from a diverse range of data 

sources from state, local, and federal governments to private resources.  They integrate 

the datasets and build the analytics to create tools to help inform investment and other 

decisions.  The datasets are refreshed regularly to provide users with a real-time view 

of local grid conditions. 

The Grid Assessor tool is grid mapping software with a database of searchable local 

electrical distribution infrastructure. It allows for the identification of favorable 

project locations by searching distribution substation characteristics like voltage and 

utility service areas, then explores nearby parcels connected to primary feeders.  The 

tool can also assess the potential costs of interconnection for specific project locations 

and suggest alternative locations.    

 

PATHWAYS TO AN OPEN GRID O'AHU PROJECT 

The goal of the project is to create web-accessible tools that allow users to explore a 

map of O'ahu’s current grid infrastructure and determine where distributed energy 
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projects could add benefits to the grid and how to maximize those benefits by 

combining types of distributed energy resources under various resource adoption 

scenarios. The tools are intended to be more transparent than anything currently 

available to customers.  

There are critical questions about current grid constraints and how the grid’s 

capabilities can change with the planning, equipping, and operation of grid related 

assets. A more thorough understanding of the grid’s capabilities is needed to evaluate 

possible scenarios for the integration, mix and feasibility of the distributed energy 

resources being considered in Hawai'i. 

Through the engagement of a broad range of market participants and stakeholders via 

a series of workshops, the POG project is attempting to support better, quicker decision 

making by developing tools, techniques and shared data to better understand both the 

local impacts and potential value of increasing distributed solar generation and other 

distributed energy resources.   

Scenarios with varying amounts of renewable generation placed at the distribution and 

utility scale levels will be analyzed with the Network Assessor tool to estimate 

distribution circuit hosting capacities. These identified circuit hosting capacities are 

not meant to be a screening tool, but are intended to identify the type and location of 

constraints to adding additional DERs to a circuit. In turn, this hosting capacity 

information will be an input to locational net benefits analyses that will provide insight 

into how new resources may behave on the circuit/system and be valued according to 

their overall benefits and costs.    

Kevala’s Network Assessor platform provides visual representations and performs 

analyses related to load, bulk power and distributed generation resources, distribution 

infrastructure, and costs and pricing. Data is necessary for each category of analysis 

with a focus on supply, demand, constraints, and pricing.  
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I. INTRODUCTION 

CLIMATE CHANGE, THE ROLE OF RENEWABLE ENERGY, AND PATHWAYS TO 100% BY 2045 AND 100% GOAL 

The State of Hawai’i is committed to meet 100% of its electricity needs with renewable 

energy by the year 2045.  As of 2017, Hawai’i is already meeting 25% of its electricity 

needs with renewable energy and over 20% of customers have adopted rooftop solar.  

The state has also seen increased adoption levels and participation from individual 

customers, including adoption of DER, participation in demand response and energy 

efficiency programs, and increased growth in electric vehicles.  

Having a diverse set of energy options presents the Hawai’i with many possible paths 

to 100% renewables. But first there are critical questions that need to be answered 

about current constraint of grid capabilities and how those capabilities change through 

better planning, equipping, and operation of grid related assets. This understanding of 

the grid’s capabilities forms the basis of knowledge needed to evaluate possible 

scenarios for the integration, resource mix and feasibility of the distributed energy 

resources being considered in Hawai’i. 

 

AN INDUSTRY IN TRANSITION 

The global reduction in costs for solar generation and battery-based electricity storage 

has been a major driver behind a trend towards distributed energy resources (DERs), 

supported by programs such as net energy metering.1  

Hawai’i currently leads the country in customer adoption of rooftop PV systems, 

relative to the size of the market and total load on each island. Growth has been rapid 

– the total number of customers enrolled in PV programs increased from 22,500 to 

70,000 customers from the 2012-2016 time period and resulting in a cumulative 586 MW 

of installed distributed PV.  

By the end of 2016, the Hawaiian Electric companies had installed and approved a 

capacity near or above 40% system peak (when considering the remaining capacity in 

the interconnection queue, this percentage increases to 50-60% of system peak on every 

island, except Lanai).2 75% of distributed generation development in Hawai’i has been 

the result of the state’s NEM program3.  

                                                 
1 https://about.bnef.com/new-energy-outlook/ 
2 https://www.hawaiianelectric.com/clean-energy-hawaii/going-solar/quarterly-installed-pv-data. 
3 https://energy.hawaii.gov/wp-content/uploads/2011/10/HSEOFactsFigures_May2017_2.pdf 

https://www.hawaiianelectric.com/clean-energy-hawaii/going-solar/quarterly-installed-pv-data
https://www.google.com/url?q=https://energy.hawaii.gov/wp-content/uploads/2011/10/HSEOFactsFigures_May2017_2.pdf&sa=D&ust=1519778767697000&usg=AFQjCNFKvqhdYvdGwpCAWjbUzg1gJMhyZw
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This increased penetration level of DERs, primarily solar PV, on the distribution grid, 

has necessitated additional analysis into where DERs can be integrated without 

compromising the safety and reliability of the grid. Given Hawaii’s ambitious target of 

reaching 100% renewable energy by 2045, it is important to evaluate the extent to 

which supporting DER development can assist in reaching these larger state goals.  

HAWAI’I’S POLICY RESPONSE 

The Hawaii Public Utilities Commission (HPUC), in responding to growing concerns about 

the growth of DERs and need for efficient and cost-effective grid integration, issued 

several orders in recent years that provide insight into the questions the State would 

like to answer.  

The Commission has indicated the direction it is taking through what we have identified 

as “vision-setting” documents, inclinations, and dockets. It is further exploring those 

vision directives through Proceedings, including the PSIP and the DER Investigation 

Docket.  

These vision-setting documents have identified the dynamic role of the distribution grid 

(“… the future distribution system must have the capacity to act both as a delivery 

service and an aggregator of customer-sited distributed energy resources to benefit 

the customer and the grid”  - 2014, Order 32058), acknowledged that DER programs 

must continually evolve as technologies mature and penetration levels increase (… “the 

Commission has determined that DER policies and programs in Hawai’i must evolve to 

meet changing customer needs and utility system needs” – 2014, Order 33258), 

indicated that customer compensation frameworks must additionally evolve and take 

into consideration location and other components of the DER value stack (“… new 

additions of distributed PV will increasingly need to be competitively priced compared 

with utility-scale solar (including integration costs), while accounting for locational 

and other benefits these systems can provide to the grid” – 2014, Order 32737), and 

that integrating increasing levels DER is an important consideration in grid 

modernization (… “Hawai’i’s grid modern grid should… cost-effectively maximize 

flexibility; minimize the risk of redundancy and obsolescence; deliver customer 

benefits, and … enable greater DER and renewable energy integration” – 2017, Order 

34281).    

 

As seen in the vision-setting directives of these Orders, the Commission is currently 

pursuing multiple dockets that each look to answer a piece of the larger question – what 
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role will DERs play in Hawai’i’s roadmap to 100% renewable energy? Figure 1 below 

illustrates existing HPUC vision setting directives and the ongoing Proceedings exploring 

those vision statements.  As evident in the Figure, Hawai’i’s clean energy policy 

landscape is broad, complex, and is taking place over multiple Proceedings and Orders.  

FIGURE 1: HAWAII’S CLEAN ENERGY POLICY LANDSCAPE 

 

 

UNDERSTANDING DISTRIBUTION GRID IMPACTS AND THE ROLE OF DATA  

Hawai’i's strong policy goals, combined with larger industry trends (most notably, the 

increase in two-way power flow and evolving technologies such as battery storage and 

electric vehicles), point to multiple options for reaching 100% renewable energy. Key 

to understanding the relative merits and tradeoffs of each of these options is developing 

a good understanding of both the changing electricity grid as it evolves to accommodate 

a high percentage of renewables penetration, as well as of the underlying data and 

assumptions about adoption levels and consumption patterns. One such example is the 

need to account for the growth in electric vehicles and to make assumptions about the 

rate of adoption, as well as where they will be adopted, charging patterns, and 

supporting policy such as timed charging  – at the extremes, a large number of EVs 

charging on the grid could either exacerbate capacity issues at peak hours of the day 

and result in the overgeneration of renewable energy, or modify load at certain hours 

without significant impacts to the grid.  
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There are several tools and processes that can provide insight into the capacity of the 

distribution grid to accommodate additional DERs and what the relative value of that 

DER is based on its location on the grid. Two such tools, hosting capacity analysis and 

locational net benefit analysis, are currently being evaluated by the POG project and 

in other distribution system planning proceedings across the state. In addition, load 

forecasting to account for DERs is a growing challenge, and, given the rapid adoption 

rates of DERs recently, requires utilities to make growth assumptions that are not yet 

standard practice in every state, such as estimating EV adoption.  In some states that 

are taking a proactive approach towards planning for DERs, stakeholders are beginning 

to gain familiarity with these analyses within the context of distribution system 

planning and in the back-and-forth context of regulatory proceedings. However, this is 

not yet standard practice in many states and the exact application of modeling tools 

and a comprehensive understanding of their results can be limited if the underlying 

data and assumptions are not transparent. 

II. POG, O’AHU: PROJECT OVERVIEW 

PURPOSE AND PROCESS 

Pathways to an Open Grid, O’ahu (POG, O’ahu) is an independently facilitated, data-

driven, collaborative process that uses Hawai’i stakeholders’ input to develop a first of 

its kind, web-based modeling tool to visualize O’ahu’s changing grid. This tool will 

incorporate multiple resources, including renewable energy adoption scenarios, to 

model different options for researching Hawai’i’s 100% renewable energy goals and 

understanding impacts on the grid   

The modeling tool is based on crowdsourced data inputs that have been deemed 

accessible, available and machine readable, in order to derive a similarly transparent 

tool. The project functions by creating a forum for stakeholders to collaborate in 

pursuing an analysis that meets their desired outcomes in a transparent manner. POG, 

O’ahu is hosting nine workshops to develop the necessary inputs and build common 

understanding of how resource scenarios, advanced capacity analysis, and locational 

value can be assessed.   

PARTNERSHIP 

The POG, O’ahu project is a collaboration between the University of Hawai’i’s Hawai’i 

Natural Energy Institute (HNEI), Gridworks, a nonprofit organization and think tank 

focused on decarbonizing electricity grids, Kevala Analytics, an energy data and 

analytics platform, and Elemental Excelerator. The promise of the project team is to 
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support a collaborative process with independent facilitation, analysis, tools, and 

expertise. 

• Kevala Analytics: Kevala provides data-driven insights for an evolving energy 

market by combining proprietary analytics with advanced grid mapping. We help 

new entrants target the best locations for distributed assets and provide decision 

support for utilities and policymakers managing a complex energy 

ecosystem. Kevala is unlocking the grid on a foundation of hard-to-get local 

electrical distribution data, demographic and building characteristics, 

environmental indicators and more.  

• Gridworks: Gridworks is a 501(c)(3) nonprofit organization whose mission is to 

convene, educate, and empower stakeholders to decarbonize electricity grids. 

Since 2010, Gridworks has enabled this mission through four strategies: by 

identifying high-value challenges to decarbonizing electricity grids; convening 

stakeholders and providing them neutral ground, technical support and 

facilitation to identify break-through solutions to identified challenges; 

publishing and helping implement identified solutions; and adapting successful 

solutions to new markets 

• Elemental Excelerator: Elemental Excelerator is a nonprofit created in 

collaboration with Emerson Collective, an investment and philanthropic 

platform. EEx is funded by the U.S Navy and a diverse coalition of utility partners, 

corporate partners, the U.S. Department of Energy, state government, and 

philanthropic organizations. Their goal is not only to curate a portfolio of 

innovative and impactful startups, but also to build an ecosystem of passionate 

people working to change the world, one community at a time 

Hawaii Natural Energy Institute (HNEI): HNEI conducts essential energy research 

relevant to Hawaii and the world, with the ultimate goal of achieving a stable and cost-

effective energy mix for Hawaii while reducing our dependence on oil and other fossil 

fuel resources. HNEI is recognized as an independent organization, providing 

trustworthy and practical information to support the safe, reliable, and economically 

viable development of renewable energy technologies and systems. 

PLATFORM 

 The technological foundation of the POG process is Kevala’s Network Assessor 

platform, a geospatial Integrated Resource Planning tool for high renewables 

penetration electric grids.  Network Assessor is built around the concept of 1:1 mapping 

of the electric grid, where each component of the grid is mapped, from individual 
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buildings with or without rooftop solar to large bulk power generation resources and all 

of the wires that interconnect them. 

PARTICIPATION 

To date, 70 individual stakeholders have participated in the public workshops, 

representing 32 diverse organizations: Hawaii Public Utilities Commission (HPUC), 

DBEDT, Hawai’i Electric Company (HECO), Holu Energy, Hawai’i State Energy Office, 

Tesla, Ulupono Initiative, TFC Utilities, DCCA, HART, HCATT, Hawai’i Energy, Hawai’i 

Green Infrastructure Fund,  Renewable Energy Action Coalition, Earth Justice, Sunrun, 

Distributed Energy Partners, HNEI, Kevala, Gridworks, Elemental Excelerator, Newport 

Consulting, Life of the Land, California Public Utilities Commission (CPUC), New York 

Department of Public Service (NY DPS), Pacific Gas & Electric (PG&E), Blue Planet 

Foundation, Environmental Defense Fund (EDF), Imagine Power LLC, In2ytics, Silver 

Spring Networks, EPRI  

These stakeholders represent the cross section of utility, regulators, nonprofit 

advocates, and private industry representatives that each play a role in achieving 100% 

renewable energy. 

THE NEED 

At the POG project launch in September 2017, participants shared their perspectives 

on the need for such a process and tool in Hawaii. Their statements underscore a shared 

commitment to developing the insight needed to achieve Hawaii’s ambitious goals 

through new and available technology and analytics. Commissioner Lorraine Akiba 

(HPUC) highlighted the state’s commitment to “getting the tools and process right for 

understanding how to use technology as a positive disrupter” and noted that others 

around the country and the world are watching and learning from Hawai’i’s 

engagement. CEO Dawn Lippert (Elemental Excelerator) noted that “there is a greater 

need for speed to meet the challenges we face now, that can be achieved with the use 

of software and advanced modeling.” Director Rick Rocheleau (Hawai’i Natural Energy 

Institute), stated that “HNEI has been trying to model the perspectives of Hawai’i 

energy stakeholders for almost a decade now at both the system and circuit level, but 

have been limited by the availability of data and tools. In theory, we all agree on the 

same goals, but when it comes to the details, we need both agreement and perspective 

on how to move forward.”  

These comments, along with other perspectives shared from our workshop participants, 

underscore a growing need to use advanced data analytics to understand DER grid 

integration issues more expediently, as Hawai’i moves rapidly towards an increasing 

renewables future. 
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PROGRESS 

To date, the project has hosted seven public workshops. With significant stakeholder 

involvement, these workshops have helped the POG, O’ahu team to develop a number 

of adoption scenarios and develop O’ahu-specific input to advanced capacity analysis 

and locational value analysis tools. The Figure below details the POG process for 

stakeholders: 

FIGURE 2: POG O’AHU WORKSHOP TRAIL MAP 

 

 

III. HOSTING CAPACITY: FUNDAMENTALS 

WHAT IS HOSTING CAPACITY?  

A major component of the Network Assessor O’ahu Tool is the ability to conduct hosting 

capacity analysis. At a high level, hosting capacity analysis determines the level of DER 

that can be integrated into the circuit without violating certain thermal, power quality, 

safety, protection or operational limits and triggering time consuming and costly 

infrastructure upgrades. The results of hosting capacity analysis provide a quantitative 

appraisal of current and future projected grid limitations for a given set of assumptions.  

HOW IS IT DONE?  
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There are multiple existing methodologies for conducting hosting capacity analysis that 

produce results at varying levels of granularity. Some utilities, including the California 

IOUs and Hawaiian Electric, use power flow analysis tools to input distribution circuit 

characteristics and load data and then extract limits based on certain power system 

criteria (most commonly, power quality, thermal, safety, and operational flexibility 

limits). Power flow analysis is a widely accepted engineering methodology for 

calculating the steady-state performance of the power system under various operating 

conditions, commonly used as a baseline analysis by utility engineers. Other statistical 

methods exist, which can be used alongside power flow analysis to provide a close 

approximation of system limits using either set algorithms, or stochastic methods 

(randomly dispersing DER of various sizes at different locations to develop a hosting 

capacity range). Utilizing probabilistic analysis, Kevala’s method is noticeably unique 

as it does not rely on power flow analysis, but instead takes advantage of the availability 

of complex data sets to map each component of the electric grid – infrastructure, load, 

and generation – and uses 1:1 mapping to create a visual picture of the grid and its 

constraints.   

Conducting hosting capacity additionally requires a detailed level of understanding of 

the current distribution grid infrastructure, existing load (accounting for existing DER), 

and load growth forecasts. Much of this data is available to utility distribution engineers 

and used in annual distribution planning, but often not publicly available or easily 

accessible to others. This can impact who can conduct the analysis, as well as how often 

the analysis can be run. The highly complex level of data related to grid infrastructure 

or operations  means that currently, hosting capacity is primarily conducted by utility 

distribution system planners.      

Different methodological choices also differ in the time and effort it takes to run the 

analysis and review results – more complex methods have longer processing times. For 

example, the California Investor Owned Utilities (IOUs) reported in their initial 

demonstration projects of hosting capacity4 that analyzing one feeder could take, on 

average, anywhere from 23 minutes (PG&E) to 1,620 minutes (SDG&E). Additional 

factors that impact the time and effort to conduct hosting capacity include the 

software/hardware platforms and staff time associated with running models, including 

any manual adjustments if needed. There are existing efforts underway across multiple 

utilities to improve processing time, using resources such as cloud computing rather 

than server-based computers. Each of these methodological choices also affects the 

ability to use hosting capacity analysis for other planning exercises – currently, if the 

analysis is complex and time-consuming to run, utilities are less likely to conduct the 

analysis over multiple iterations, which can be needed for planning purposes. 

                                                 
4 California IOUs Demo A Reports; http://drpwg.org  

http://drpwg.org/
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WHAT CAN IT TELL YOU? HOW IS IT USED?  

Hosting capacity is currently most commonly used to identify where circuits are 

constrained, as well as where circuits may have additional capacity for hosting DERs. 

Around the country, the results of hosting capacity analysis are used for different 

purposes and are largely based on regulatory directive and stakeholder needs.   Many 

conversations around hosting capacity, including in California, New York, and Hawaii, 

identify different applications, or “use cases”, of hosting capacity, to better identify 

the methodological details necessary to achieve the desired outcomes.  

Most commonly, hosting capacity is used to assist utilities in the annual distribution 

planning process, inform developers of locations where DER can integrate into the 

system, improve the interconnection process, and indicate where the distribution grid 

may require upgrades, within the context of grid modernization. However, specific 

applications of hosting capacity results can vary based on utility needs and state 

directives. Applications of hosting capacity is also informed by the methodology used, 

level of detail and transparency in the analysis and end results.   

For example, the application of hosting capacity to provide an indicator of where 

existing circuits may be limited is distinct from the application of hosting capacity in 

expediting the DER interconnection process. This example points to the need for 

stakeholders and regulators to clearly identify the desired end-use functions at the 

outset and then evaluate the methodological options that may be available to meet 

each use.  

The next section will provide a deep dive into comparisons across existing hosting 

capacity methodologies and uses, focused on key differences between each.  

IV. HOSTING CAPACITY: BEST PRACTICES  

There are several established methodologies of conducting hosting capacity that are 

first-of-their-kind, leading models from which we can establish best practices. Each 

approach is briefly summarized below and then compared across these principles in a 

comparative matrix. 

 

POG, O’ahu compares and contrasts these methodologies across several principles: 

• Underlying method: Is the underlying method transparent (both in their 

calculations and in their data inputs)? Does the method use industry best 

practices?  
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• Temporal granularity: Is the time series data sufficiently granular to understand 

variation in load profiles over time? 

• Identified uses of results, or “use cases”: What are the identified applications of 

hosting capacity?   

• Geospatial granularity: How granular is the data? E.g., to the substation level, 

circuit level, building level, end-use device level, distribution secondary circuits, 

etc.? Is it sufficiently granular enough to identify the location of hosting capacity 

constraints?  

• Computational intensity, processing time, and number of scenarios or runs: Can 

the method process multiple runs or scenarios? How long is the processing time? 

What is the computational intensity (i.e., server hardware versus cloud-based 

computing). What are the human resources needed to make, scrub, and refine 

models? 

• Advanced consideration of DERs: Does the model consider multiple DERs, as well 

as the interaction between DERs? What about the impact of smart inverters? (e.g. 

evaluation of solar plus storage impacts, advanced inverter capabilities, etc.)  

• Display and data: how are the results displayed? Can the results be queried? Who 

can use the end results?     

Underlying these comparisons is a fundamental principle on data availability and 

accessibility, which is further discussed in Section V on the Data Framework. 

EPRI DRIVE METHOD (USED BY UTILITIES IN NEW YORK AND MINNESOTA)  

The Electric Power Research Institute (EPRI)’s hosting capacity method is known as the 

Distribution Resource Integration and Value Estimation (DRIVE) model. This software 

tool is currently used by New York State joint utilities and Xcel Energy in Minnesota.  

• Underlying method: This method uses a combination of stochastic and 

iterative modeling methods, plus additional analysis techniques. The 

method considers the uncertainty in size and location of potentially 

installed PV systems using a stochastic approach and runs power quality 

and reliability-related scenarios to determine the total amount of PV that 

will likely cause an adverse impact to the feeder.  Unlike the stochastic 

and iterative models, the DRIVE method only conducts limited numbers of 

power flow analyses, making it more computationally efficient.  

• Temporal granularity: Instead of using a time series approach, the DRIVE 

tool takes the minimum and maximum loads of existing load profiles to 

conduct hosting capacity analysis. Information on the granularity of these 

load profiles is not publicly available. Data on the indicator maps are 
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updated monthly, while the underlying analysis is updated at least 

annually.  

• Use cases: In New York, development of hosting capacity has fallen under 

New York’s “Reforming the Energy Vision” (REV) process. Hosting capacity 

has been used to develop indicator heat maps, which illustrate areas 

where DERs have a greater likelihood of being integrated into the 

distribution system without requiring upgrades.  

• Geospatial granularity: Feeder level analysis of large-scale solar PV 

interconnecting to distribution circuits 12kv and above (three-phase 

circuits).  

• Computational intensity, processing time, and number of scenarios run: 

The DRIVE method conducts limited runs of power flow analysis, which 

makes it more computationally efficient than the iterative method.  

• Advanced consideration of DERs: In New York, hosting capacity focuses on 

large PV installations. The analysis does not consider the impact of smart 

inverters.  

• Display/data: The indicator heat maps currently allow for basic query 

functions by address and basic hosting capacity information related to 

specific feeders are downloadable. 

HAWAI’IAN ELECTRIC COMPANIES METHOD  

Hawai’ian Electric developed its initial hosting capacity studies in December 2015, as 

part of the DER Docket (2014-0192).  Hawaiian Electric recently presented updates to 

their methodology as part of its Initial Statement of Position (ISOP) on Deferred Issues 

and Technical Track Issues (Exhibit C), filed August 14, 2017 on the DER Docket. HECO’s 

initial hosting capacity method, filed in December 2015, used a method designed by E3 

to determine how much non-controllable PV DG could be integrated into the grid 

without causing curtailment of utility-scale renewables. The proposed revisions to 

hosting capacity include both near term and long-term improvements that significantly 

enhance the existing method to use time series analysis and consider advanced 

functions, including a discussion of how PV systems installed under the self-supply tariff 

may be evaluated.  
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• Underlying methodology: The Hawaiian Electric methodology is similar to 

the iterative method, where iterations of power flow analysis are run into 

a criteria violation is determined.  

• Temporal granularity: The Hawaiian Electric method currently does not 

employ interval data, but looks to employ hourly load profiles and develop 

time series analysis in a future iteration of hosting capacity analysis with 

the adoption of improved load forecasting tools.  

• Use cases: HECO has identified three uses of hosting capacity. First, 

hosting capacity can help streamline the interconnection process by 

informing technical screens related to steady-state voltage, loading, and 

operational flexibility limits, as well as informing other screens in the 

supplemental review process. This immediate application of hosting 

capacity has provided the most near-term benefits for Hawai’i DER 

customers, as using hosting capacity to evaluate grid constraints, rather 

than calculating a 250% daytime minimum load threshold to 

interconnection applications, has resulted in better understanding of 

remaining capacity on the island (at the time of the study, O’ahu had 17% 

capacity left). HECO originally developed hosting capacity to focus on this 

particular application. Next, hosting capacity identifies the locations of 

saturated circuits which is useful to ratepayers and DER developers. HECO 

has developed online heat maps as visual representation of constrained 

circuits. Finally, hosting capacity can be used to inform the planning 

process and identifying circuit constraints and mitigation opportunities to 

expand DER growth.   

• Geospatial granularity: The HECO methodology conducts circuit-level 

hosting capacity analysis, down to the primary distribution system, 

reflecting residential level hosting capacity. In future updates to hosting 

capacity methodology, Hawaiian Electric plans to expand this analysis 

down to secondary circuits, where the information is available.  

• Computational intensity, processing time, and number of scenarios run: 

Limited public information is available regarding this aspect of HECO’s 

updated hosting capacity method.  

• Advanced consideration of DERs. Currently, HECO’s hosting capacity is 

geared toward PV hosting capacity rather than using a technology neutral 

analysis. However, HECO indicated in August 2017 in the DER Docket near 

and long-term improvements to their methodology to better reflect the 

impact of DERs. Near term improvements include providing hosting 
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capacity information at the secondary circuit level, if data is available, 

and improving the way non-export or smart export systems are modeled, 

by counting non-export systems as load offsetting resources. Long-term 

improvements include improvements to the load forecasting process to 

develop an 8760 load profile, developing capabilities to conduct time 

series analysis, modeling the impact of different programs, and 

incorporating advanced inverter functions by modeling both volt-var and 

volt-watt functions. 

CALIFORNIA JOINT IOUS’ METHOD 

California’s IOUs (PG&E, SCE, and SDG&E) were directed to develop and implement 

integration capacity analysis (ICA) on their entire system territories under the 

Distribution Resources Plan (DRP) proceeding (R. 14-08-013). The proceeding 

additionally established the ICA Working Group (ICA WG), comprised of utilities, DER 

developers, policymakers, and non-governmental organizations to evaluate and make 

recommendations on the IOUs’ initial ICA demonstration projects and system-wide 

rollout of ICA.  

• Underlying method: Through the Proceeding, the IOUs evaluated two hosting 

capacity methodologies, the streamlined method and the iterative method. 

The “streamlined” method uses an abstraction approach, applying a set of 

equations and algorithms to evaluate power system criteria at each node on 

the distribution system. This method performs a baseline power flow and short-

circuit simulation to acquire the initial conditions of the circuit, noting 

electrical characteristics such as thermal ratings, fault duties, resistance, etc. 

Then, the full set of power system criteria (thermal, voltage, protection, and 

safety limits) are valuated independently to determine the maximum hosting 

capacity at a given node or component of the system.  

In contrast, the iterative method performs iterative power flow simulations 

while varying the DER level at each node on the distribution system to 

determine the maximum amount of DER that can be installed without triggering 

thermal or voltage criteria violations. The CA IOUs added a fixed increment of 

500kW in each location until an ICA violation was triggered.  

The WG identified that the streamlined method may not capture some of the 

more dynamic effects on more complex sets but enables faster computation by 

using simpler equations and algorithms. Meanwhile, the iterative method 

mirrors what the IOUs perform as part of a more detailed interconnection study 

and provides more confidence in accurately representing more complex circuit 
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conditions. However, the iterative method results in longer processing time due 

to the number of iterations.  

Currently, the IOUs are implementing the iterative method across their entire 

service territories and will be using ICA via the iterative method in the 

interconnection process. It is undetermined whether the iterative method, or 

another method of conducting hosting capacity, may be used for other use 

cases.  

• Temporal granularity: The iterative method is currently being implemented 

using a 576 hourly profile (minimum and maximum load days for each month – 

24 x 2 x 12). ICA is run for updates monthly.  

• Identified use cases: In California, two clear use cases have been identified by 

the DRP proceeding and one has been additionally discussed through 

stakeholder Working Groups:  

a. Interconnection: ICA results can inform interconnection siting decisions 

and eventually facilitate and automated and transparent interconnection 

processes. 

b. Planning: In general, ICA can identify areas of low capacity, which can 

inform decisions pertaining to grid upgrades within the IOUs’ annual 

distribution planning process. This can also be used within the 

distribution deferral and grid modernization context.  

c. Policy analysis: While all stakeholders have agreed that the results of ICA 

may have a role in policy analysis, this use case is currently the least 

defined.  

• Geospatial granularity: Hosting capacity analysis, using the iterative method, is 

conducted at the circuit level, at the three-phase feeder. The IOUs do not 

currently conduct hosting capacity at the single phase line section, but 

consider it a long-term refinement.  

• Computational intensity, processing time, and number of scenarios run: Using 

the iterative method for the interconnection use case, analyzing one feeder 

could take, on average, anywhere from 23 minutes (PG&E) to 1,620 minutes 

(SDG&E). For the interconnection use case, only the baseline scenario is run 

and hosting capacity results are updated on a monthly basis.  
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• Advanced consideration of DERs: The IOUs conduct a DER technology-neutral 

analysis and look to incorporate additional smart inverter functions (focused on 

volt-var with reactive power priority) in the near future.  

• Display of data: The IOUs provide hosting capacity analysis information on an 

online map that can be queried by address and searchable by geographic 

location, with downloadable data sets. 

KEVALA ANALYTICS GRID ASSESSOR METHOD  

Kevala’s approach to hosting capacity views the grid in terms of supply, demand, and 

constraints. The Kevala method is designed to be able to utilize either utility-provided 

or otherwise sourced infrastructure, load, and generation data to develop a 

probabilistic assessment of hosting capacity. The methodology generally relies on the 

80/20 approach; that is, as 80% of the results are driven by 20% of the overall data 

needs, given sufficient certainty into the accuracy of the results, but the exact ratio of 

data and outputs can vary depending on the market being analyzed. Importantly, where 

complete datasets are not available or accessible, proxy datasets can be developed. 

• Underlying method: the method conducts 1:1 mapping of geospatial and time 

series data to provide a comprehensive picture of the distribution grid over time. 

To do this, Kevala analyzes three main types of data: 1) distribution 

infrastructure data (the topography of the distribution circuit itself); 2) load data 

(individual building and aggregated load for all hours of the year);  and 3) 

generation data (for distributed generation resources). This mapping takes 

information about the built environment and deployment of DERs, mapped across 

existing distribution infrastructure and information about bulk power system 

power flows to identify constraints on the system. Time series data is then 

applied to identify when constraints are exceeded and what the associated costs 

are to mitigate those constraints. Data needs is further explored in Section X.  

The method can consider additional data factors to increase accuracy, processing 

time, and ease of calculation. For example, one means of analysis could simply 

evaluate an 8760 load profile compared to generation and constraints on a 

substation for fast analysis, or layer on feeder topography, load pocket data, 

circuit protection, and power quality assessments.  

• Temporal granularity: Kevala emphasizes the use of an 8760 load profile. For 

O’ahu, this is developed through analysis of the amount of bulk power system 

generation reported by HECO to FERC and via the Island Pulse dataset. Bulk 

power data is then adjusted for behind the meter generation based on known or 

forecasted DG systems and their known or probable outputs. 
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• Identified uses of results, or “use cases”: Through the POG process, stakeholders 

were asked to identify what successful outcomes may be. From that, a list of 

POG tool outputs were derived, which contribute to this ongoing list of 

stakeholder-driven use cases. These are further explained in Section VI.  Most 

notably, the ability to produce hourly 8760 production, consumption, and hosting 

capacity curves can significantly increase the usability of hosting capacity 

analysis beyond interconnection planning. 

1. Identify existing baseline, where capacity exists, and where mitigation 

is needed, given existing grid constraints  

2. Develop a downloadable heat map layer that is user friendly and can 

be queried 

3. Understand rooftop PV production potential, as well as opportunities 

for other DERs (PV + storage, etc.) 

4. Understand impacts of different scenarios on the distribution grid, 

including grid departure, microgrid development, islanding scenarios, 

etc. as part of an impact analysis 

• Geospatial granularity: Kevala analyzes hosting capacity down to the circuit level 

and can expand its scope of analysis down to the secondary level if available 

data is made accessible to the project team. 

• Computational intensity, processing time and number of scenarios or runs: This 

method has a faster computational time than using power flow analysis and can 

in general accommodate more scenarios and numbers of runs than power flow 

analysis, which is computationally intensive.  

• Advanced Inverter Functionality: Because Kevala’s methodology is probabilistic, 

advanced inverter functionality can be incorporated as a variable adjustment 

factor. 

• Display and data: Kevala’s tool will develop a user-friendly map of the O’ahu 

electric grid. The final determination of which data will be made available has 

not been determined at this time. 

WHAT IS “ADVANCED CAPACITY ANALYSIS” AND HOW DOES IT DIFFER FROM HOSTING CAPACITY ANALYSIS?  

In examining how hosting capacity methods are derived and used by states around the 

country, the POG team sees a clear difference between existing hosting capacity 

methods, which serve certain use cases, and stakeholder desires for hosting capacity 
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capability and performance.  While the hosting capacity methods employed in 

Minnesota, California, New York, and Hawaii are current best practice models, they all 

focus primarily on incremental solar rather than addressing dynamic additions to an 

increasingly dynamic grid. To date, California’s model has made the most progress on 

this front by developing a technology-agnostic ICA for both load and generation, 

requiring user inputs to determine ICA limits for specific projects.  As described above, 

the individual methods these states have chosen differ in their underlying methodology 

and in the details relating to granularity of data. However, they are noticeably similar 

in their use of power flow analysis, which enables the utility to input data on exact 

circuit characteristics to extract detailed results on system capacity limits – (i.e., 

determining the type and quantity of the limit). This leads to better understanding of 

how the limit may be addressed (i.e., the solution for a thermal capacity limit is 

different than a power quality/voltage limit).   

Employing an underlying methodology that performs power flow analysis also creates 

constraints with regards to transparency and accessibility. Currently, utilities employ 

third party vendors using proprietary power flow models.  While open source versions 

of power flow analysis do exist (e.g. Open DSS, GridLab-D, etc.) those tools are not 

sufficient for hosting capacity purposes without detailed inputs (e.g. detailed circuit 

information) that are not readily available outside of the utility, limiting the usefulness 

of the tool. A strong sentiment echoed by many of the POG stakeholders is that hosting 

capacity analysis should not only provide information about the baseline information of 

the grid and its constraints but offer additional opportunities to evaluate optimal DER 

deployment and consider the impacts of different DER growth scenarios, which can 

inform decisions by policymakers evaluating paths to reaching 100% renewable energy.  

Through our stakeholder engagement, POG has identified a parallel need for such a 

comprehensive tool that allow stakeholders to consider other uses of valuable hosting 

capacity information, other than providing information about the baseline grid 

conditions. We have elected to describe these additional functions as core components 

of advanced capacity analysis, which aims to achieve notably different uses than 

hosting capacity analysis.  

The results of our stakeholder engagement process, as well as the identified difference 

in data needs between static hosting capacity analysis and advanced capacity analysis 

are further explored in Section VII.  

  



TABLE 1: HOSTING CAPACITY COMPARATIVE ASSESSMENT 

 

  Hawai'ian Electric EPRI (JUNY) California Joint IOUs Kevala 

Underlying method 

Moving towards 
iterative method - 
power flow analysis is 
run until a criteria 
violation is 
determined.  

DRIVE model - 
combination of 
stochastic and 
iterative power flow 
analysis, known as 
"streamlined" 
methodology 

Iterative power flow 
analysis (for the 
interconnection use 
case) 

Probabilistic, 1:1 mapping using 
data analytics 

Temporal granularity 

Moving towards hourly 
interval data and 
implementation of 
time series analysis in 
near-term 
improvements 

Min and max load 
taken from load 
profiles; hourly 
profiles not used. 
Indicator heat maps 
are updated 
monthly, underlying 
analysis is updated 
at least annually  
 

576 hourly load profiles, 
updated monthly 8760 hourly load profiles 
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Identified uses 

1. streamline 
interconnection 
process 
2. identify saturated 
circuits via online heat 
maps 
3. inform the 
distribution planning 
process by identifying 
constraints and 
mitigation 
opportunities 

1. Indicator heat 
maps reflecting 
existing 
interconnection 
queue 

1. Streamline 
interconnection process; 
information is provided 
via online heat map 
2. Inform the 
distribution planning 

1. Identify baseline conditions 
of grid 
2. Heat map with downloadable 
information and can be queried 
3. Understand opportunities for 
DERs (production potential) 
4. Conduct impact analysis to 
understand different scenarios 
(e.g., grid departure) 

Geospatial granularity 

Circuit-level analysis 
down to the single 
phase feeder, to 
incorporate secondary 
information in near-
term improvements 
where the information 
exists 

Circuit-level analysis 
to the three phase 
feeder (12kV or 
greater) 

Circuit-level analysis to 
the three phase feeder 

Circuit-level analysis down to 
the single phase feeder; will 
incorporate secondary 
information if it is available and 
accessible 

Computational intensity   

More 
computationally 
efficient than only-
iterative power flow 
anaylsis (EPRI 
estimated 3-5 
minutes/feeder) 

Iterative analysis is 
computationally 
intensive and differs 
between utilities (SCE 
averages 23 
minutes/feeder) 

This method has a faster 
computational time than using 
power flow analysis, and can in 
general accommodate more 
scenarios and numbers of runs 
than power flow analysis, which 
is computationally intensive 
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Advanced consideration of DERs 

Moving towards 
modeling different 
programs (e.g., smart 
export versus self-
supply), and smart 
inverter functions 

Considers large scale 
solar PV in 
underlying analysis 
only; will consider 
more DERs in future 
improvements. Does 
not consider smart 
inverters   

Evaluate multiple DER 
technologies, as well as 
multiple program or mitigation 
opportunities 

Display and data 

Static hosting capacity 
maps can be found 
online and queried by 
location. Basic capacity 
information is 
available but not 
downloadable.  

The indicator heat 
maps are currently 
searchable by 
address, and basic 
circuit-level 
information is 
downloadable, but 
the maps themselves 
are not 
downloadable and 
information is not 
available via API. 

Online map searchable 
by address, and basic 
circuit-level information 
is downloadable, but the 
maps themselves are 
now downloadable and 
information is not 
available via API 

Development of a fully 
queryable map of the O'ahu 
electric grid 

 
Transparent data sets; proxies 
developed when dataset is not 
available 

Publicly available version 

 

 

  



V. HOSTING CAPACITY: DATA NEEDS AND DATA AVAILABILITY  

 

THE DATA FRAMEWORK: AVAILABLE, ACCESSIBLE, AND MACHINE READABLE   

The POG project aims to build a transparent hosting capacity analysis using 

crowdsourced data. For this context, grid data needs to be assessed within the 

frameworks of: 1) is the data available? 2) is the data publicly accessible and 

transparent? 3) is the data usable, or machine readable?  

• Data availability means knowing the origin of the data, such as who collected 

it and the manner in which it was collected 

• Data accessibility means understanding who has access to it and, when 

access may be limited, how to provide transparent alternatives, such as 

aggregating or anonymizing data. 

• Data usability describes the format of the data as it relates to computational 

processes as well as the lag, durability, and frequency of those data. Data 

usability is a metric to delineate the fact that data included in static maps is 

less user-friendly than a downloadable, machine readable data set, which is 

less user-friendly than data made available via an Application Programming 

Interface (API).  

Traditionally, distribution data is limited to utility distribution planners and technology 

developers (i.e., SCADA data, PV generation data, etc.). It can be difficult for all parties 

to make informed decisions without access to certain data types.  

There is also a crucial role for modeled, de-identified, anonymized, and aggregated 

data where certain market participants believe they cannot make necessary 

information available, or where there are privacy and security concerns. For example, 

in Hawaii registration data for EVs is available, and could be provided at an aggregated 

level and anonymized, to avoid privacy concerns. Finally, if data cannot be provided at 

any level, or if multiple partial public data sets exist, reasonable assumptions may be 

used to develop proxy data sets. This is further addressed in Section VII.   

Building advanced hosting capacity using the Kevala method is reliant on POG 

stakeholders contributing datasets where there otherwise may be gaps. For example, 

the most accurate source of DER generation data may be from DER providers, and the 

most accurate source of grid constraint data may be from the utility. Section VII further 
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explores the data sets Kevala needs to develop the Assessor tool, and identifies where 

stakeholders have contributed data to date.   

VI. HAWAI’I STAKEHOLDER INPUT  

STAKEHOLDER DESIRED OUTCOMES 

At the outset of the POG, O’ahu process, stakeholders provided input into what success 

for POG, O’ahu looks like for their organization. This input was collected to develop a 

list of POG, O’ahu Outcomes (found here). These statements were taken directly from 

a diverse set of stakeholders, representing state policy officials, utilities, solar 

developers, and nonprofit advocates; each of these desired outcomes do not necessarily 

reflect full consensus by the group, but are used as helpful input in designing the O’ahu 

Assessor Tool. 

A subset of these outcomes is directly related to hosting capacity; those outcomes are: 

 

1. Develop a common and transparent dataset that stakeholders can agree 

on; provides a unified view of the value of DER  

2. Examine both temporal and locational limits; integrate time series and 

geographic elements into the tool 

3. Show where new grid resources can be deployed, and where projects 

may have the highest value to the grid  

4. Value DERs together, or optimized (e.g., PV + storage). Include Evs. 

Break out building asset type. Account for EE and DR. 

5. Provide insight into the current condition of the grid at the circuit level, 

including levels of adoption (who has DER, location of smart inverters, 

etc.) 

6. Quantify the potential for grid departure. Quantify non-interconnected 

solar, and any other departing load that potentially bypasses the hosting 

capacity analysis. Consider the impact of microgrids and islanding.  

7. Quantify commercial PV potential –how much does that change with 

storage?  

8. How do community-based renewable energy and community storage fit 

in? 

9. Quantify potential for GHGs/kWh reduction by customer. Relate analysis 

output to increase resiliency. 

10. Include secondary feeder information. Identify areas with pre-existing 

conditions causing voltage issues. How much curtailment is likely to take 

place due to volt-watt issues? 

https://www.pathways-opengrid.com/s/POG-Scenario-Outcomes
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PRIORITY FEATURES FOR THE O’AHU ASSESSOR TOOL  

From this list of desired outcomes, the following list of desired features of the O’ahu 

Assessor tool was derived: 

 

1. The tool is transparent in both inputs and outputs 

2. The tool conducts a time series analysis using an 8760 hourly profile 

(that is, it considers all representative hours of the year in the load 

profile – 24 hours x 365 days = 8760 hours)  

3. POG, O’ahu should develop a heat map that with search capabilities 

(i.e., filter, sort, rank, etc. by user preference) 

4. The tool should use a modular approach to selecting and analyzing DERs 

(e.g., PV only, PV+storage, EVs, etc.) 

5. The tool should provide a baseline of existing conditions on the grid, 

including providing information about the secondary circuit  

6. The tool should quantify impact of load masking (i.e., PV meeting load 

during production) and break out grid departure/microgrid/islanding 

scenarios as part of the impact analysis 

7. The tool should identify DER potential by location and size 

The tool should identify peak load reduction through the integration of DERs, then use 

this to determine individual DER impact towards the State’s overall goal of 00% 

renewable energy. 

USE CASES OF THE O’AHU ASSESSOR TOOL  

These features generally match to the following stakeholder-identified uses of the 

POG, O’ahu tool:  

1. Identify existing baseline, where capacity exists, and where mitigation is 

needed, given existing grid constraints  

2. Develop a downloadable heat map layer that is user friendly and can be 

queried 

3. Understand rooftop PV production potential, as well as opportunities for 

other DERs (PV + storage, etc.) 

4. Understand impacts of different scenarios on the distribution grid, including 

grid departure, microgrid development, islanding scenarios, etc. as part of 

an impact analysis 

 

These desired stakeholder applications of hosting capacity show that the tool developed 

through this process should meet some of the same use cases as the Hawaiian Electric 

tool, but not necessarily all of them. Stakeholders would like the tool to provide 
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information about the baseline condition of the distribution grid and where grid 

constraints may exist. The tool should also develop an interactive online map that may 

be more user-friendly with more query functionality than the static Hawaiian Electric 

maps. Notably, stakeholders are not interested in using the POG O’ahu tool for 

interconnection purposes. Stakeholder-derived use cases also point to a desire for 

advanced capacity analysis features, such as evaluating opportunities for optimal DER 

deployment and testing impacts of different potential scenarios. The difference in data 

needs between static hosting capacity analysis and advanced capacity analysis are 

further explored in Section VII.  

 

DATA CATEGORIES, VALUE, AND TRADE OFFS 

Given the time available to develop the first iteration of the O’ahu Assessor tool and 

given that many of these outcomes require the availability of complex data sets, POG, 

O’ahu stakeholders were asked to consider the value of each type of data in achieving 

the POG, O’ahu outcomes, as well as the difficulty of obtaining that data set. It is 

expected that revisions to the tool may be requested in subsequent processes based 

on the relative costs and benefits of these outcomes. 

 

Through small group breakout sessions, the POG, O’ahu stakeholders identified the 

following groups of priority datasets (additional datasets are necessary to develop 

Grid Assessor, but were not deemed priority datasets for broader stakeholder 

discussion) and voted on their value to developing the first iteration of the O’ahu 

Assessor Tool and the difficulty of obtaining that dataset. Stakeholders were also 

asked to further explain why a particular data category may be difficult to obtain 

(e.g., does it exist but is it not accessible or machine readable? Does only a partial 

data set exist?).The associated numbers corresponding to the number of “votes” each 

data category received.  

 TABLE 2: STAKEHOLDER DATASET EXERCISE 

 

Data category Purpose/use  Value Difficulty 

Grid constraints Understanding 
existing 
system and 
when 
constraints 
occur 

8:  4: Some data already exists 
through PSIP, DER FSOP Phase 
2 Technical Track, LVM, IRS 
applications, DER developers 
(w/r/t customer load, 
generation info, smart 
inverters) 



30 
 

Time series load 
estimates 

 4 0: Significant data already 
exists through cost of service 
studies, Hawai’i Energy energy 
consumption studies, DER load 
monitoring data through CSS 
systems, AMI data on 
commercial and residential 
customers, demand meters, 
and PSIPs 

Customer counts 
by building type 
and zoning 

Understanding 
locational 
occupancy by 
time of day 

3 4: Some data sources exist 
(DGBIS, BOMA, data from solar  
developers, TMK to distinguish 
between types of buildings) 
 
Additionally noted that load 
doesn’t always follow 
occupancy or customer count 

Mitigation analysis  2 9 

Existing PV  1 0 

PV Production 
potential 

 0 0 

VII. REVISITING DATA FOR THE O’AHU SPECIFIC TOOL (DATA NEEDED, DATA IN HAND, GAPS) 

Two entities are already performing hosting capacity analysis on Oahu independently 

from the POG process:  HECO, which performs hosting capacity analysis as part of its 

solar interconnection responsibilities, and Kevala, which has been mapping Oahu’s 

distribution grid infrastructure as part of its DOE SunShot funded Grid Assessor software 

platform to facilitate optimized utility scale solar interconnection nationally. 

 

As noted earlier, the Kevala method takes three general categories of data to develop 

hosting capacity analysis: 1) load data; 2) generation data; and 3) distribution 

infrastructure and constraints data. Each of these are briefly reviewed here, and the 

methods of developing these data sets are discussed in further detail in Section VIII.   

1. Load data: Understanding load profiles for different consumers and at 

different times of the day (using time series load data).  

2. Generation data: Understanding how much power is being generated from 

bulk power resources and DERs  

3. Grid constraints data: Understand where there are constraints on the 

distribution grid based on existing infrastructure, identifying the limit in 

hosting capacity analysis.  
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Taken together, a set of data representing these three categories allow Kevala to 

develop enhanced static hosting capacity. This method is considered a stakeholder-

developed version of the hosting capacity maps currently developed by HECO, with the 

addition of time series data. However, the time period over which the POG process is 

analyzing the grid includes far more changes to the grid than just solar interconnection.  

The POG scenarios, based on but expanded from HECO’s Power Supply Improvement 

Plans (PSIPs) and grid modernization plans, serve as the foundation for advanced 

hosting capacity analysis, quantifying the mitigation potential of certain options (e.g. 

timed EV charging, behind and in front of the meter storage).  By incorporating the 

technologies that underlie these scenarios the POG process can assist stakeholders in 

proactively using hosting capacity results to understand where opportunities for 

dynamic DER can provide optimal value to the grid.   

 

The Table below was developed for the December 5 workshop on building O’ahu specific 

advanced capacity analysis, to better define which data type are needed, whether it 

supports building an enhanced static hosting capacity or an advanced capacity analysis 

(advanced capacity analysis builds on data needed for static hosting capacity), and data 

needs. 

TABLE 3: DATA TYPES NEEDED FOR ADVANCED CAPACITY ANALYSIS 

Description  Category Why is it needed Data needed Proxies 
needed? 

Existing PV 
time series 
production 
estimates  

 

 Enhanced 
static 
hosting 
capacity 

More accurately 
estimate PV 
production by 
hour  

Location, size, 
orientation, 
year/qtr deployed, 
tariff,  

 

Source: permit 
data, developer 
data, Sunroof, 
Kevala computer 
vision 

Yes 

Defaults for 
where data is 
insufficient 
based on 
averages from 
deployed 
systems 

 

Production 
potential 

 Advanced 
hosting 
capacity 

Show total 
possible rooftop 
PV production 

Google Sunroof 
estimates 

No 
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Customer 
counts by 
building 
type, zoning 

 Advanced 
hosting 
capacity 

Quantify 
potential 
mitigation 
market size by 
customer type 

Building size, age, 
occupants, zoning 

 

Source: Parcel and 
building data 

No 

Time series 
load 
estimates 

 Enhanced 
static 
hosting 
capacity 

Estimate load by 
hour to assess 
mitigation 
potential by 
customer 
category 

Sample building 
load data by type, 
by climate. 

 

Could use real data 
and build average 
load profiles for HI 

Yes 

Grid 
constraints 

 Enhanced 
static 
hosting 
capacity 

Identify where 
voltage is out of 
range to identify 
where capacity 
exists and where 
mitigation is 
needed  

Voltage out of 
range records from 
inverters for a 
typical 48 hours 

 

Sources: PSIP, Der 
FSOP Phase 2 
Technical Track, 
LVM, IRS, DER 
developers (for 
customer load and 
generation 
information), smart 
inverter data  

Yes 

Mitigation 
analysis 

 Advanced 
hosting 
capacity 

Determine 
potential to shift 
load or grid 
export 

 

Take generation 
and savings 
profiles, AIF and 
compare them to 
time series 
capacity  

Yes  
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Identify 
opportunities for 
electric vehicles 
and grid 
integration 

 

EV adoption, 
location and 
charging data  

VIII. FILLING IN THE GAPS: ASSUMPTIONS AND PROXIES  

The POG, O’ahu process, which emphasizes stakeholder participation and input, has led 

to the development of new datasets. Kevala has used full and partial stakeholder data 

sets, combined with realistic assumptions, to develop proxy datasets to build its O’ahu 

specific model.  

 

To date, the POG team has used the following stakeholder provided data:  

1. PV potential data provided by Google Sunroof 

2. Building permit data for existing DG PV systems by City and County of 

Honolulu 

3. Bulk power generation data provided by Island Pulse 

4. HECO locational value maps 

HOSTING CAPACITY DATA, PROXIES, AND GAPS 

 

The POG, O’ahu project team is in the process of reviewing available data and 

developing assumptions and proxies for the following data sets, needed to evaluate 

hosting capacity (for more information, see the POG Independent Data Review): 

• Distribution infrastructure data: This type of data usually is only available to 

utility distribution engineers. HECO distribution infrastructure data are 

available, but not accessible or machine readable. Kevala is incorporating above 

ground primary distribution feeders via visual inspection, building proxies where 

distribution feeders are underground, and mapping probable distribution areas 

based on substation location, HECO locational value maps, satellite data, and 

other sources. If additional information becomes available from HECO or others, 

Kevala can integrate the revised data into its analytics. 

• Load data: Load data is currently not publicly accessible at the substation or 

feeder level. A proxy is being developed by mapping distribution infrastructure 

to building footprints, and understanding patterns of energy use using census 

data provided by the U.S. Census, local weather, and typical building energy 

intensity data provided by LBNL. This data is then normalized to substation sizing 

https://www.pathways-opengrid.com/s/POG-Report-Independent-Review-of-Data-Assumptions-and-Proxy-Values-V2.pdf


34 
 

and island wide load, HECO locational value maps, EIA production data, and 

other sources.   

• Distributed generation data: A complete list of DG system location and size is 

not currently publicly accessible. There are multiple sources that provide a 

partial look at the full picture, including data using satellites, Honolulu permit 

information, as well as data from HECO and DER developers. To build proxy DG 

data, Kevala maps and compares distribution infrastructure data (see above) to 

the permit record, satellite data, and other data sources as provided by POG 

stakeholders. This data is then compared to typical production data, as provided 

by NREL’s PVWatts calculator, as well as historical production data. 

 

Data Gaps: 

 

Grid constraints: As noted earlier, hosting capacity provides information about when 

integration of DERs meets or exceeds constraints on the distribution system. Hosting 

capacity conducted via the power flow analysis model typically identifies when the grid 

exceeds thermal, voltage, protection, and safety limits. For the California IOUs, initial 

demonstration projects indicated that power quality violations and thermal violations 

were the most common limits to hosting capacity. Hawaiian Electric’s hosting capacity 

analysis, as noted in their Power Supply Improvement Plan (Appendix N) in December 

2016, noted that, out of the circuits exceeding hosting capacity limits (between 15-

23%, between years 2016 – 2020), and that the primary limit seems to be power quality 

violations. Further, it has been noted that often, voltage violations occur on the 

secondary side of the feeder, whereas hosting capacity analysis is currently only 

conducted down to the primary feeder.  

 

Understanding that power quality violations are likely the primary and most near-term 

issue to be addressed on circuits which have exceeded hosting capacity, the first 

iteration of the O’ahu Assessor tool focuses on understanding voltage criteria limits. 

This method has the additional benefit of better understanding the potential mitigation 

of smart inverters. Advanced smart inverter functions may prove effective in increasing 

the amount of DER the grid can accommodate without further investment or negative 

impacts on reliability, by mitigating voltage constraints.  

 

Voltage-out-of range:  While several stakeholders acknowledged that they possess 

voltage out of range data, the POG: O’ahu process was unable to secure such data 

including for purposes of generating proxies.  HECO has indicated it is examining voltage 

issues on the secondary circuits and we expect once those issues have been surfaced 

the POG: O’ahu process or its successors will be able to incorporate those data as 

available. 
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Mitigation data: Additional data may be needed depending on mitigation scenarios 

identified by stakeholders as priority scenarios to include in the O’ahu Assessor tool. 

This includes data needed to determine potential for load shift or grid defection, data 

on location and charging patterns of electric vehicles, and other scenarios.  

 

Example of proxy development:   

 
Distribution system data needs are still evolving, as states all over the country begin to 

understand the benefits and tradeoffs of accessible and machine readable data to 

better integrate DERs into the system. One of the main benefits of the Grid Assessor 

tool is that it can use developed proxy data sets and improve its accuracy over future 

iterations as more data becomes available.  

 

One notable example of proxy development has been the development of load profile 

information to understand electricity demand on a single distribution circuit over time. 

Currently, there is limited existing data that is available and accessible from deployed 

smart meters and from SCADA devices, requiring the use of multiple data sources to 

develop an estimate of probable load profiles.  

 

Instead, the POG team developed probable load profiles of individual buildings by 

combining multiple data sets. Honolulu C&C GIS data provided information about a 

building’s location and footprint. LBNL’s Building Performance Database provides 

information on average monthly energy consumption per square foot for different 

building types.  Hawai’i’s Island Pulse provides comprehensive energy consumption 

data. Finally, POG uses general consumption estimates by class (e.g., residential, 

commercial and industrial, etc.) to determine probable load shapes.     

 

Future build out: 

The 2045 time horizon being examined by the POG, O’ahu process means that DER 

penetration will need to be modeled beyond current penetration levels.  As a result, 

Kevala will map probable DER adoption to individual buildings under particular 

penetration scenarios.  This process will be based on demographic analysis and 

historical DER adoption rates. 

IX. CONCLUSION  

In developing advanced capacity analysis for O’ahu stakeholders, the O’ahu Assessor 

Tool can learn from many of the best practices set forth by EPRI, the California Joint 

IOUs, and Hawaiian Electric. As shown in our comparative assessment, each model relies 



36 
 

on different inputs to achieve different goals. At the extremes, an iterative method 

based on power flow analysis is computationally intensive, but best simulates the 

analyses utilities conduct for in-depth interconnection studies. A probabilistic method 

such as Kevala’s takes the availability of big data analytics to map distribution 

infrastructure and quickly understand grid impacts over different time scales and 

multiple adoption scenarios. As these models continually improve over time, we 

envision that these separate models will not necessarily converge, but exist separately 

and each contribute meaningful pieces to a comprehensive picture of the evolving grid. 

Our stakeholder engagement process has shown that there is a strong stated need for 

both a comprehensive hosting capacity analysis tool that facilitates the interconnection 

of existing DER onto the grid, as well as a software tool that provides quick insights into 

the changing grid as Hawaii sets out to meet the most ambitious renewables goal in the 

country. 

Benefits of Time Series Analysis 

 

One significant best practice is the use of time series analysis. The California IOUs and 

EPRI model employ time series analysis, and Hawaiian Electric has indicated that it 

plans to make near-term improvements to its methodology to incorporate time series 

analysis, rather than analyzing only PV generation capacity based off 250% of daily 

minimum load. Time series analysis shows a clear benefit in that it allows hosting 

capacity to consider dynamic grid conditions over time. This is particularly beneficial 

as Hawaii considers the impact of multiple DER technologies, rather than only exporting 

solar PV systems. This baseline analysis allows for further discussion of what DER 

technologies may mitigate, rather than exacerbate, hosting capacity constraints by 

acting as load modifiers, and  how different DER generation profiles (such as 

solar+storage or timed EV charging) may fit under existing hosting capacity limits. 

Conducting hosting capacity using time series analysis provides a strong baseline for 

understanding dynamic interactions on the grid, including what mitigation options may 

be available as Hawaii looks towards 100% renewable energy.  

More Data <> More Insight 

 

Next, the POG process has shed light on the value of available, accessible, and machine 

readable data in providing all stakeholders with additional insight into the changing 

grid. Our stakeholder conversations have also underscored the idea that perfect can 

indeed be the enemy of the good – there is a fine line between insufficient data, and 

striving for perfect datasets, that is dependent on the end purpose of conducting 

hosting capacity analysis. Through POG workshops, stakeholders have collaborated to 

identify necessary datasets and proxies where they may not be data available. This type 
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of unique collaboration through the POG process has enabled the project team to 

develop a tool to meet stated stakeholder objectives. 

By identifying their desired outcomes at the outset of the POG process, stakeholders 

have also come to understand that, for the outcomes they envision for the O’ahu 

Assessor tool, that perfect datasets are not always necessarily, and that reasonable 

proxies can often be developed for missing information and improved over time – in 

utilizing the 80/20 approach, POG stakeholders can achieve 80% of the desired results 

based on 20% of the overall data. While additional data helps to refine the granularity 

of results, achieving these additional gains should not hinder existing progress.  

Next Steps 

 

The O’ahu Assessor Tool conducts a comprehensive assessment using two analyses – 

hosting capacity analysis, and locational value analysis. The next paper will document 

POG stakeholder discussions on locational value of DERs, methods for calculating value, 

and the application of that analysis, and their various application. 

ABOUT GRIDWORKS  

Gridworks’ mission is to convene, educate and empower stakeholders working to 

decarbonize electricity grids.  Since 2010, Gridworks (formerly known as “More Than 

Smart”) has enabled this mission through four strategies: by identifying high-value 

challenges to decarbonizing electricity grids; convening stakeholders and providing 

them neutral ground, technical support and facilitation to identify break-through 

solutions to identified challenges; publishing and helping implement identified 

solutions; and adapting successful solutions to new markets. 

In 2017, Gridworks convened over 57 discreet events with over 1,486 total stakeholders 

resulting in at least 8 policies adopted by state regulators in at least four states.   

 


