
 
 

Kirkwood Meadows Public Utility District 

Planning Committee 

REGULAR MEETING AGENDA 
 

NOTICE IS HEREBY GIVEN that the Planning Committee of the Kirkwood 

Meadows Public Utility District has called a Regular Meeting of the Committee to be 

held on Friday, February 28, 2020 at 2:00 P.M. at the Kirkwood Meadows Public Utility 

District Community Services Building, 33540 Loop Road, Kirkwood, California 95646. 

 
The Agenda for this Regular Meeting is: 

1) Alpine County Excise Tax. Discussion & possible action. Pgs. 2-8 

2) Heat Pump Study & Next Steps. Discussion & possible action. Pgs. 9-81 

3) Alpine County LAFCO Membership.  Discussion & possible action. Pgs. 82-106 

4) Biomass Heating Feasibility Study.  Discussion & possible action. Pgs. 107-111 

5) EV Station Siting.  Discussion & possible action. 

6) Future Topics 

7) Next Meeting/Staff Recommendation:  March 25, 2020 2:00 PM. 
 

 
Dated: February 20, 2020 

 
        _____________________________
  

 Kirkwood Meadows PUD 

 

The Kirkwood Meadows Public Utility District is an equal opportunity provider and employer. 
 

In compliance with the Americans with Disabilities Act, if you are a disabled person and you need a disability-related 
modification or accommodation to participate in this meeting, please contact the District at (209) 258-4444, by email to 
jgillies@kmpud.com.  Requests must be made as early as possible, and at least two business days before the meeting. 
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To: Alpine County Board of Supervisors 
From: Nichole Williamson, CAO/HHS Director 
Date: November 11, 2019 
Re: Excise Tax on ski resort lift tickets 
 
 
Please see the attached memo regarding the purpose, legality and authorization of an Excise 
Tax from County Counsel. Excise Taxes have been utilized in other snow resort communities as 
a way to provide revenue for local government services that are required due to the influx of 
tourists.  
 
Breckenridge Town Council and voters approved a four point five (4.5)  percent lift (excise) tax 
in November 2016 on single day and multi day lift tickets with Vail remitting a minimum of $3.5 
million per year. Breckenridge collects the tax from November 1 to April 30 of each year and the 
tax does not apply to season passes or multi resort tickets. The revenue is used to fund 
transportation services, which would be considered a Special Tax in California. Vail Corporation 
agreed the terms of the tax prior to being placed on a ballot for voters to approve.  
 
The town of Vail first imposed a two percent (2.0) lift tax via ordinance in 1966 as an occupation 
and business tax on places of business operating a ski lift or tow. In 1992 the tax was renamed 
Ski Area Lift Admissions Tax was increased to four (4.0) percent. Vail uses the revenue to 
support the town’s general fund. Annual revenue averaged $4 million annually in 2015 and is 
one of the town’s top five revenue sources. In 2016 the Town Council considered increasing the 
tax, but decided against it. Snowmass and Crested Butte also impose a ski resort lift tax. 
Steamboat Springs considered a lift ticket tax in 2016, but has not pursued it to date. Utah and 
Minnesota also asses taxes on lift tickets. 
 
For the 2019-2020 ski season a daily adult lift ticket at Kirkwood is $111 at the ticket window or 
$87 if purchased on line. A 4.5% excise tax would result in $5 per adult ticket purchased at the 
window and $3.92 per adult ticket purchased on line. Bear Valley Resort has not published their 
2019-2020 lift ticket prices.  
 
 
 
 
 
 
 
Source documents: https://www.parkrecord.com/news/business/epic-sales-tax-revenues-will-go-where-
skiers-go/ 
https://www.summitdaily.com/news/local/breckenridge-passes-lift-ticket-tax-requiring-vail-resorts-to-pay-
3-5m-annually/ 
https://www.summitdaily.com/news/local/fact-checking-breckenridges-lift-ticket-tax-proposal/ 
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Memorandum 
 

TO:  Nichole Williamson, CAO/HHS Director 

FROM: Margaret Long, Assistant County Counsel 

Date:  June 11, 2019 

Re:  Excise Tax 

 

 

Issue: Alpine County wants to know if Excise Tax is legal in California (local ski resort tickets if 
possible), and if so, what is the process to get the excise tax established? 

Excise taxes are taxes paid when purchases are made on a specific good, such as gasoline.  They are 
legal in California, and SB 1 (the Gas Tax) is a good example of one being utilized in the last election.   
Like all taxes, however, they do require a vote of the people. Section 2 of Article XIIC of the California 
Constitution provides that no local government may impose, extend, or increase any general tax unless 
and until that tax is submitted to the electorate. 

To implement such a tax, the Alpine County Board must first adopt a resolution which actually places 
this matter onto the ballot.  The resolution must include the type of tax, method of collection, and 
election date.  Gov. Co. 53724(a).  Once approved by the required majority, it must be submitted to the 
County-Clerk Recorder for posting of a “Notice of Election.”  

A general tax refers to a general levy by a government that offers no special benefit to the taxpayer, but 
only a support to governmental programs that benefit all. General taxes are a source of public revenue 
and must be approved by a majority vote (e.g., fifty percent-plus-one).  On the other hand, a special tax is 
a tax imposed for specific or special purposes, and must be approved by a 2/3 majority of the qualified 
voters in the jurisdictional area of the local government agency that initiates the special tax. Since, I don’t 
have any information that indicates the ski-lift tax will be a special tax.  Attached is the process for 
implementation of a general tax, which is recommended do to the lower threshold for passage. 
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NOTICE OF ELECTION 
 
NOTICE IS HEREBY GIVEN that an election will be held on (date), within the boundaries of Alpine 
County, to approve a measure for the purpose of obtaining voter approval by a fifty percent-plus-one vote 
of the following measure: 
 

“Upon a fifty percent-plus-one vote of approval, shall Alpine County impose 
an excise tax on every retail sale of ski-lift tickets originating in Alpine 
County at (#) percent?  
This revenue will be considered General Fund, commencing (date), and 
continuing indefinitely.” 

 
NOTICE IS FURTHER GIVEN that the dates for filing arguments for or against the measure is 
(date) through (date) at 5:00 p.m.  Arguments may not exceed 300 words each and must be accompanied 
by a “Form Statement” available at (address), signed by each author.  Rebuttals to arguments in favor or 
against the measure may not exceed 250/300 words and must be filed with the County Clerk by (date) at 
5:00 p.m. The office of the Alpine County Clerk, located at (address), will be the processing place for all 
ballots from (date) through (date).  Equipment testing will be on (date). For more information, call 
(phone number).   
 
Name 
Alpine County Clerk-Recorder 
Registrar of Voters 
Publish: Date 
Local Newspaper 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESOLUTION NO.  
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A RESOLUTION OF THE BOARD OF SUPERVISORS 
OF THE COUNTY OF ALPINE 

CONSOLIDATING WITH THE (DATE) UNIFORM 
DISTRICT ELECTION LAW.  THE PURPOSE OF 

THE ELECTION IS TO ENABLE THE VOTERS OF 
ALPINE COUNTY TO APPROVE OR REJECT AN 
ORDINANCE IMPOSING A TAX ON THE RETAIL 
SALE OF SKI LIFT TICKETS ORIGINATING IN 

ALPINE COUNTY 

 

WHEREAS, the County of Alpine recognizes the vital need to procure funds from the sale 
of ski lift tickets purchased in Alpine County for recreational use at the local ski resorts; and 

 

WHEREAS, Per Article XIIC Section 2 of the California Constitution, no local government 
may impose, extend, or increase any general tax unless and until that tax is submitted to the electorate 
and approved by a majority vote. A general tax shall not be deemed to have been increased if it is 
imposed at a rate not higher than the maximum rate so approved. The election required by this 
subdivision shall be consolidated with a regularly scheduled general election for members of the 
governing body of the local government, except in cases of emergency declared by a unanimous vote of 
the governing body; and 

 
WHEREAS, the text of the Ordinance that is to be submitted to the voters is attached hereto as 

Exhibit A; and 
 

WHEREAS, the Board concludes that under the circumstances the most appropriate date to 
order the election is (date). 

 
NOW, THEREFORE, BE IT RESOLVED, that the Board of Supervisors of the County of 

Alpine, State of California, pursuant to the provisions of Elections Code section 12001, hereby orders 
and proclaims that the question of whether every retail sale of a ski lift ticket originating in Alpine 
County shall be taxed at (#) percent. All tax collected from such ski lift ticket sales shall be deposited 
into the Alpine County General Fund, election to be held and conducted on the (#) day of November 
(year). The manner of holding the election and the procedure for voting for and against the question 
presented shall be as set forth in the Elections Code for a local County special election which is 
consolidated with the odd year General Election cycle which includes Uniform District Election Law. 

 
BE IT FURTHER RESOLVED, that said election shall be, and it is, hereby consolidated 

with the general election to be held on said day, and all precincts established and all election 
officers appointed for said general election shall be the precincts and election officers for said election, 
and said election officers shall conduct said election and make the return thereof according to law. 

 
BE IT FURTHER RESOLVED, that Elections Code section 9160, et seq., shall apply to this 

special election. 

 

BE IT FURTHER RESOLVED, that the following measure be submitted as a proposition on 
the ballot at said election, and that the Registrar of Voters be, and hereby is, instructed to place the 
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measure on the ballot at said election in the following form: 
 

Shall the County of Alpine adopt an Ordinance adding .XX.XXX of the Alpine 
County Code to be known as the Alpine County “Ski-lift Excise/Sales Tax?” An 
excise tax and point of sale tax by retail sales originating in Alpine County at (#) 
percent to be deposited into the Alpine County General Fund. 
 
   
Yes No 

 
BE IT FURTHER RESOLVED, the Board of Supervisors approves the Ordinance imposing 

an excise to be known as the Alpine County “Ski-lift Excise/Sales Tax” attached hereto as Exhibit A. 
 
 DULY PASSED AND ADOPTED this _____ day of ________, ______, by the Board of  
Supervisors of the County of Alpine by motion, second, and the following vote: 

 
AYES: 
NOES: 

ABSENT: 
ABSTAIN: 

RECUSE: 
 
  

CHAIRMAN 
Board of Supervisors 
County of Alpine 
State of California
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Executive Summary 
Kirkwood is located in the most climatically extreme region of the State. Its cold climate requires 

careful thought when considering a heat pump installation to ensure adequate performance. This 

means selecting the right equipment, correctly installing and integrating them into buildings, and 

properly operating and maintaining them over their life. 

Today, a properly installed and well designed and operated heat pump system which is optimized 

for cold-climates, whether air-, water-, or ground-sourced, can reduce energy use and long-term 

costs even in cold climates. The considerations described in this paper are to help understand the 

main technology options and provide context during conversations involving the potential retrofits 

of existing boilers with electric heat pumps in Kirkwood.  

Below are the major findings and recommendations of the evaluation. The body of this report and 

appendices provide further detail of the findings from the research and analysis conducted. 

Key Findings & Recommendations 

Rate Adjustments 
KMPUD’s current electricity rates are the biggest barrier to the financial viability of heat pump 

retrofits for its customers. While there may be other considerations to be made regarding the 

justifications for and impacts of any rate adjustments (such as adverse effects on customers), this 

evaluation looked specifically at rate adjustments necessary to enable and incentivize heat pump 

retrofits in support of KMPUD’s goal of heating electrification and propane displacement. To that 

end, the following rate adjustments are recommended. 

 

Energy 

Unit 

Current 

Rates 

Proposed 

New 

Rates 

% Change 

from Current 

Rates Notes 

Propane 

Standard 

Cubic 

Foot 
$0.0663 $0.13 96% 

These recommended standard rates are intended to reduce the disincentive to 

customers for electrification to the greatest degree possible while having a neutral 

impact on KMPUD’s net income as electrification occurs across the customer base. 

However, even at these new standard rates, most customers switching to heat 

pumps likely still won’t see reductions in their total heating expenses. 

Electricity 

Standard 
kWh $0.6600 $0.44 -33% 

Electricity 

20% Discount 
kWh N/A $0.35 -46% 

Hypothetically, if this electricity discount is applied to the entire customer base 

(with proposed propane rate also applied), KMPUD’s net income would be reduced 

but still remain positive as electrification occurs across the customer base. 

However, even with this discount, some customers switching to heat pumps likely 

still won’t see reductions in their total heating expenses (though some likely will). 

Electricity 

32% Discount 
kWh N/A $0.30 -55% 

With this discount, most customers switching to heat pumps likely will see 

reductions in their total heating expenses, but those savings may or may not be 

significant enough to justify the investment in a heat pump retrofit. 

Hypothetically, if this electricity discount is applied to the entire customer base 

(with proposed propane rate also applied), KMPUD’s net income may be 

significantly impacted and there may be a net loss if a high degree of electrification 
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(about 36% of current propane demand) is achieved across the customer base. 

Electricity 

36% Discount 
kWh N/A $0.28 -58% 

With this discount, most customers switching to heat pumps likely will see 

reductions in their total heating expenses, and those savings will likely be 

sufficient to break even on the heat pump retrofit. 

The proposed rate adjustments above may seem extreme, but it should be noted that KMPUD’s 

current electricity rates are one of the highest among utilities in the U.S. Even if the rates are 

adjusted as proposed above, they will still remain one of the highest in the U.S. See Appendix 10 for 

a comparison of KMPUD’s rates against other utilities across the U.S. 

The notes in the table above discuss the reasoning behind each of the proposed rates. The 

discounted rates are intended to provide stronger incentives for customers to electrify their heating 

demand. It’s recommended that they be offered strategically to specific customer groups, perhaps 

as part of targeted or voluntary electrification programs (such as a Demand-Response program). 

This rate analysis was conducted based on KMPUD’s operating expenses and revenues for FYE 2019, 

and under the hypothetical scenario that all electrification and rate adjustments would occur 

immediately and all at once. In reality, electrification is a process that takes time and KMPUD may 

also prefer to phase in the rate adjustments gradually over time, in which case additional 

adjustments may need to be made to account for changes in operating costs of producing and 

supplying energy, as well as changes in energy demand volumes due to customer increases (new 

accounts or meters) or other reasons. 

Financial Analysis of Heat Pump Retrofits 
Refer to Appendix 11 for the results of the financial analysis conducted in this study. Refer to 

Appendix 9 for details of each retrofit scenario and detailed pricing breakdown 

Types of Heat Pump Systems - Heat Sources & Sinks, Heating Applications, & Centralization 
Types of heat pump systems included in the full evaluation in this report are central air-source or 

ground-source heat pump water-heating plants with hydronic heat distribution or for domestic hot 

water supply. 

Other heat pump system types and configurations were ruled-out early in the project, as they were 

determined to be not ideal or likely not feasible for the specific retrofits being considered in 

Kirkwood. These include: 

● Water-Source Systems - These systems use surface water bodies, including flowing or 

turbulent bodies like oceans and rivers, as well as large stationary bodies like lakes or ponds 

as the heat source or sink. None of these are present at the project site.1 

 
1 Note that heat pump units described as “water-to-water” or “water-to-air” are not necessarily water-source heat pump 

systems as described here. The “water” in water-to-x refers only to the fact that the heat pump’s evaporator is designed to 

extract heat from water or some refrigerant used as the heat transfer medium, which is the case for both water-source and 

ground-source systems. 
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● Air-Heating Systems - It’s estimated that 20% and 50% of the annual heating demand is for 

domestic hot water supply for Mountain Club and Meadow Stone, respectively, and is much 

more consistent throughout the year, while the remaining heating load is for space heating, 

primarily in the cold winter months. It may be feasible to install air-heating heat pumps, 

independent from the existing hydronic heating systems, to provide space heating in the 

buildings. However, this would essentially mean running heat pumps primarily in the winter, 

when they are least efficient, while relying primarily on the boilers in the summer. 

● Decentralized, In-Suite Air-Heating or Water-Heating Systems - These types of systems 

can provide secondary, supplementary heat in addition to primary base heat from the 

existing hydronic, boiler-fed system. They can also provide the added benefit of space-

cooling capability during the summer (though this is not typically necessary in Kirkwood). 

However, installing new units in each suite, or potentially each room, could present logistical 

challenge for scheduling installation. While this could be done at tenant turnover or while 

vacant, it would require upfront planning and disturbance to all spaces. Depending on the 

sophistication of the control system implemented, decentralized systems may require 

sacrificing some degree of central control of the heating system. While some information on 

decentralized systems is provided in this report, they were ultimately not included in the full 

evaluation. Existing hydronic distribution systems function well, have long life expectancies, 

and can be paired with new central heat pump plants as needed. 

● Central Air-Heating (Space Heating) Systems - These would require installing ductwork 

which carries significant cost with no clear significant benefits. The existing hydronic 

distribution systems function well, have long life expectancies, and can be paired with new 

central heat pump water-heating plants as needed. 

Heat Pump System Design 
Heating-Dedicated Systems - Though a major benefit of heat pumps is their ability to provide both 

heating and cooling, the selected properties have very little need for cooling, even in the summer 

months. A system optimized for heating can perform better in that dedicated mode. For this reason, 

a heating-dedicated system is recommended. 

Variable Capacity/Variable Refrigerant Flow - This is an important feature for heat pumps in cold-

climates and units can run more efficiently under part-loads. Though still beneficial, it is a less critical 

feature for heating-dedicated systems as there is not the issue of over- or under-sizing the unit for 

mismatched winter heating and summer cooling loads. 

System Heat Capacity and Right-Sizing Equipment - Based on our analysis, optimally designed 

heat pump systems to serve as the primary heat sources for the selected properties would require 

roughly the capacities, shown in the table below. 

 Mountain Club Meadow Stone Vail 

Current Boiler Heating 

Capacity 

4.2 million BTU/hr 

(x2) 

1.6 million BTU/hr 

(x2) 

1.1 million BTU/hr 

(x2) 

Estimated Required Heat Pump System Capacity (Approximate) 

For Full-Heating Load 3 million BTU/hr 350 thousand BTU/hr 

(29 tons) 

2 million BTU/hr 

(83 tons) 

12



  4 
 

 

(250 tons)2 

For Space-Heating Load Only 

(Excluding DHWS) 

2.7 million BTU/hr 

(225 tons) 
90% of full building heating 

load during peak heating 

months 

245 thousand BTU/hr 

(20 tons) 
70% of full building heating 

load during peak heating 

months 

N/A 

It’s recommended that these systems use a more flexible “distributed” central system consisting of a 

series of smaller, dispatchable heat pumps, instead of one large central unit. 

Ground Loop Sizing - The table below shows the estimated depth and land area for horizontal and 

vertical ground loops at each property. Note that the Kirkwood Meadows region is believed to have 

very shallow bedrock, and this is a limiting factor for the depth of horizontal loops. Vertical loops, 

however, can be installed in wells or boreholes within the bedrock. 

 Depth (ft) Land Area (ft2) 

 

Mountain Club   

Shallow Horizontal Loop 2.9 95,710 - 900,798 

Deep Vertical Loop 100 - 500 51,045 - 106,344 

Meadow Stone   

Shallow Horizontal Loop 2.9 11,745 - 110,542 

Deep Vertical Loop 100 - 500 6,264 - 13,050 

Vail   

Shallow Horizontal Loop 2.9 56,250 - 529,412 

Deep Vertical Loop 100 - 500 30,000 - 62,500 

Along side the table are some measurements of open land areas near the properties. These are 

shown to provide a better sense of scale of land areas required by ground source heat pumps, not 

as actual recommendations for ground loop placement. More on-site ground suitability assessments 

will be necessary to determine optimal locations for ground loops. It is recommended that locations 

are selected which have plenty of sun exposure to ensure adequate thermal recharge of the ground 

loop field. 

Dual-Source Heating - In all cases, if a heat pump is installed, one or more boilers should still be 

maintained as a supplementary or secondary back-up heat source. As shown in the table below, our 

modeling indicates that heat pumps can meet most, but not all, of the selected properties’ annual 

heating load (without being significantly oversized). 

 
2 From the literature and case study review, central hydronic heat pump plants in large building applications (apartment 

buildings, hotels and large commercial facilities) have been discovered with system capacities range from 10 tons to 260 tons. 

The 250-ton estimate for Mountain Club is relatively large, but not unheard of. 

Me

Vail 

Mou
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% of Annual 

Heating Load Met 

by Heat Pump 

% of Individual 

Heating Hours 

per Year Fully 

Met by Heat 

Pump 

Mountain Club   

Air-Source 79% 72% 

Horizontal Ground-Source 84% 77% 

Meadow Stone   

Air-Source 94% 83% 

Horizontal Ground-Source 98% 92% 

Vail   

Air-Source 98% 84% 

Horizontal Ground-Source 97% 54% 

Temperature Lift & Ramp-Up/Response Time Limitations - Heat pump water heaters do not heat 

water as quickly as propane-fired boilers, particularly when recovering after a significant draw. Heat 

pumps are very efficient, but relatively slow. 

The range of operating temperatures is also important - heat pump water heaters have varying 

maximum output temperatures, typically between 120°F and 190°F, and varying minimum operating 

temperatures, typically between -15°F and 45°F, before they switch off and the back-up heat source 

engages. Mountain Club and Meadow Stone use 170°F water in their hydronic system, and many air-

source heat pumps cannot reliably heat water to this temperature on cold days. 

This issue could be mitigated if all terminal space heating equipment (i.e. fan coil units) were 

replaced with low temperature equipment that can deliver the same heat output, but can use lower 

temperature water. This would be a major renovation which would likely only be considered if the 

entire building were undergoing a major retrofit. 

Storage & Operational Changes - For building heating and hot water systems, consider installing 

larger hot water storage buffer tanks and more equally distributing or “smoothing” the hourly 

heating loads throughout the day. This could reduce peak heating loads by up to 25 - 33%, thus 

reducing the heating burden on a heat pump. Estimates of the maximum storage capacity required 

to achieve this are provided below. Note that the estimate for Vail is very large partly due to the 

sporadic and sometimes unpredictable nature of of snow melting - this may mean large storage is 

not a viable option for the Vail heat pump snowmelt system. 

 BTU of Heat Storage 

Recommended 

Mountain Club 1,745,146 

Meadow Stone 126,883 

Vail 15,119,324 
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There may be other operational barriers or limitations to increased heat storage at the Mountain 

Club or Meadow Stone properties that were not considered, and this should be assessed further. No 

further design or feasibility assessment was conducted for heat storage beyond these estimates. 

Potential Locations For Indoor and Outdoor Equipment - In each building, roofs and boiler 

rooms and other utility rooms were inspected to determine the amount of space available for future 

additional/replacement equipment (tanks, heat exchangers, pumps, piping, etc.). Detailed 

measurements were taken of the boiler rooms. These were recorded and photographed, and 

provided in Appendix 3. 

Is there sufficient space in the boiler rooms or other locations to house indoor equipment? To fully 

answer this question, the physical size and space requirements of the equipment will need to be 

estimated and compared to existing space constraints. This has not yet been completed. 

Other Facility Retrofit Recommendations 
Building Efficiency - Better insulate building distribution systems to reduce undesired heat loss. 

Monthly average heat loss for Meadow Stone is estimated to be 27% of all heat generated by boilers. 

Mountain club seems to have a similar issue. 

Timing of Retrofits - The existing boiler systems have expected useful lives of 25 - 30 years, and are 

currently somewhere from 50% to 75% through that life. Meadow Stone plans to replace their 

boilers sometime in the mid-2030s, while Vail’s snowmelt boiler systems will be replaced in the mid-

2020s. Coordinating the timing of heat pump retrofits with these boiler replacement schedules can 

reduce cost and complexity. 

Alternatively, it may be possible to install a smaller heat pump plant sooner and plan to scale up the 

capacity of that plant over time by adding additional heat pump units in a modular fashion. These 

are options to discuss with an installer if it is decided to continue moving forward with a heat pump 

retrofit. 

Other Findings 
Heat Pump Snowmelt Systems for KMPUD’s Snow Removal and Storage Services - KMPUD 

offers snow removal services to customers, which requires land space for snow storage. Parking lots 

are typically used as snow storage locations. KMPUD is interested in evaluating the development of 

snowmelt systems at snow storage locations as an alternative to developing more parking lots. The 

findings of this evaluation indicate that this is certainly a technically viable option - heat pumps are 

commonly used in cold climates for snowmelt and deicing applications ranging from walkways and 

driveways to bridge decks and airport runways. However, the financial viability of this option has not 

yet been evaluated. 

Next Steps 

Answer Remaining Questions 
The following questions were either directly asked by KMPUD as part of the project scope, or came 

up during the course of the project, but have not yet been fully answered. 

1. What are the options for metering the usage? 

2. Does the heat transfer medium used affect the size of a ground loop field or the type of 

ground loop piping required? Is there much variance in the cost of this piping? 
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3. Is it practical to consider a heat pump in retrofits or new construction for single family or 

small condominium developments? How would costs compare for new construction to 

consider a heat pump versus propane?3 

Identify Available Funding Sources 
Grants, rebates, subsidies, tax credits, and other state or federal funding sources can help cover 

purchase and installation costs for customers. 

● Database of State Incentives for Renewables & Efficiency 

● Get a big TAX WRITE-OFF when you replace your HVAC equipment 

● Get a Big Tax Break When You Replace an R22 Air Conditioner 

Further Assess Viability of Ground Source Heat Pumps 
The performance and energy saving potential of ground-source systems with shallow, horizontal 

loops were modeled and assessed. However, the necessary data was not available or easily 

accessible to model ground-source systems with deep, vertical ground loops. These vertical loops 

are more costly to install, but can provide greater efficiency due to the often warmer ground 

temperatures at greater depths. It’s recommended that the KMPUD build on the work conducted in 

this evaluation to fully assess vertical ground-source systems as a viable option compared to air-

source and horizontal ground-source systems. 

Additionally, more detailed on-site soil thermal quality assessments will need to be conducted if a 

ground source heat pump system is considered further. The evaluation of ground source heat 

pumps in this report is based on rough estimates of ground temperatures and soil properties in 

Kirkwood as an initial feasibility screen. A more detailed feasibility assessment or design study 

should engage a contractor for in-situ soil thermal conductivity testing. This is critical to minimize 

the uncertainty in estimating this key thermal property and avoid undersizing or oversizing ground 

loops. 

Assess Waste Heat Recovery Heat Pump Systems 
Two types of innovative active waste heat recovery technologies were identified that may be very 

efficient options as part of a larger heat pump system or even as stand-alone systems: 

● Exhaust Air Heat Recovery Ventilators, and 

● Sewage Heat Recovery Heat Pump 

The technical and financial viability of these waste heat recovery systems were not fully assessed 

here, but it is recommend KMPUD evaluate these further. 

Contact Potential Installers 
Reach out directly to installers to: 

1. Validate the purchase and installation cost estimates in this report, 

2. Answer any remaining questions not yet answered in this evaluation, and 

3. Gauge interest and determine requirements to move forward with heat pump retrofits. 

Develop a Request for Proposal 
 

3 The economics of a heat pump installation in new construction are likely favorable when compared to retrofits, and there 

are many heat pump units on the market specifically designed for single family building heating applications. 
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Services could include: 

● assess your site, 

● provide recommendations, 

● install a system, 

● perform periodic maintenance. 

RFP requirements/criteria could include: 

● cost estimates in writing. 

● references. 

● local Better Business Bureau. 

● Ability to obtain local permits if necessary 

● Understanding of local building codes and other regulations.  
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Background & Motivations 
The Kirkwood Meadows Public Utility District (KMPUD) operates all utilities for the community of 

Kirkwood, CA and the ski resort operated by Vail. Utility services include electric and propane. 

Currently most commercial customers use propane-gas-fired boilers as their source of heat. KMPUD 

would like to study the feasibility of enabling customers to use electric heat pumps either as a 

replacement for propane or as a supplement to existing propane-fired boilers. 

There are four motivations for KMPUD’s consideration of heat pumps: 

1. Compliance with state climate policies. It is expected that in the next two decades the 

California Energy Commission will require reductions in the use of natural gas/propane to 

reduce greenhouse gases. Renewable/carbon-free electricity would be the simplest solution. 

2. Reducing overall costs for electricity. KMPUD has a very high debt service (currently 53 

cents/kwh assuming 7MWH of total demand) due to recent construction of our distribution 

line from Salt Springs to Kirkwood. Switching from propane to electricity would increase 

electricity usage and allow KMPUD to distribute the debt service costs across a broader base. 

3. Reduced future investments in propane. If propane demand continues to grow at 

Kirkwood KMPUD would have to invest in additional distribution and storage. By contrast, 

electric demand can double without any additional investments required. 

4. Improved safety. Propane system meters and connection in heavy snow environments 

require active inspection and maintenance by the property owner. Electric heat pumps and 

electric infrastructure requires less maintenance and failure is less likely to cause extreme 

property damage. 

Project Objective & Scope 
This evaluation aimed to identify, assess, and compare commercially available heat pump systems 

and configurations for Kirkwood customers that meet the following criteria: 

1. Technical Viability - Have sufficient capacity and performance to safely and efficiently meet 

heating loads at varying weather conditions throughout the year and over many years, and 

displace some or all propane usage by customers. 

2. Financial Viability - Are cost-effective, accounting for total costs of ownership: 

○ Upfront capital costs (equipment purchase and installation labor), 

○ Energy usage costs (considering adjustments to electricity and/or propane rates), 

○ Other ongoing operation and maintenance costs, and 

○ Any available grants, rebates, subsidies, tax credits, and other state or federal 

funding sources. 

Customers should be able to amortize the capital costs of the heat pump system within the 

expected useful life of the equipment. 

3. Installation Difficulty or Complexity 

○ Installers should be available who are trained and experienced enough to properly 

install the heat pump system. 

○ Avoid unreasonable disruption to customer operations or disturbance to resort 

guests. 
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4. Operational Difficulty or Complexity - Will not add unreasonable operational burdens on 

customers (condensate management, freeze protection, user controls, etc.). 

5. Difficulty or Complexity of Repairs and Maintenance - Systems must be serviceable, 

either by resort staff and/or available contractors. 

6. Customer/Occupant Experience 

○ Reliably deliver sufficient hot water for customer needs. 

○ Maintain comfortable indoor spaces for occupants. 

○ Aesthetics - avoid noise nuisances and unsightly visual obtrusions. 

Methodology 

Review of Literature and Case Studies 
A review of research literature and real-world case studies were conducted to identify past projects 

which could be used as references for this evaluation. 

Specific criteria were used when selecting case studies; retrofits were sought within the last 10 years 

(2009 or later) of existing commercial, multi-unit residential, or other mixed-use buildings of a 

similar age and size as the selected Kirkwood buildings (4 - 5 floors, 15,000 - 17,000 ft2), in North 

American (U.S.4 or Canadian) cold climates similar to or colder than Kirkwood (IECC Climate Zone 

6B), replacing or supplementing propane-gas-fired boilers with electric heat pumps for indoor space 

heating, domestic hot water supply, or Class II (snow free ratio 0.5) snowmelt applications. Some 

references were also used from before 2009, but after the year 2000. 

Efficiency and Performance Metrics 
The coefficient of performance (COP) and the uniform energy factor (UEF) are used to measure an 

air-heating or water-heating (respectively) heat pump unit’s efficiency while run in the heating mode 

under standardized conditions. These are dimensionless values defined as the energy produced by 

the heat pump (in watts) divided by the energy consumed by the heat pump (in watts), but can be 

easily converted into “Performance Factors” (BTU/watt-hrs) by multiplying the value by 3.413. 

By convention, heat pump water heater efficiency is measured by UEF while most air-heating 

systems are measured by COP. The UEF is an evolution of an older efficiency metric called the 

Energy Factor (EF). The UEF takes into account not only the EF, but also standby loss of heat from the 

tank and thermal efficiency. 

Capacity Metrics 
The capacity of heat pump systems can be measured in: 

1. BTU/hr 

2. Tons (1 ton = 12,000 BTU/hr) 

3. First Hour Rating (gal/hr) - the amount of hot water (at a given output temperature) that can 

be supplied by a fully heated storage water heater during the first hour of operation. Storage 

 
4 Cold-climate U.S. states included in our review of literature case studies were Maine, New York, and Alaska. 
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tank volume is often used as a proxy for water-heating capacity, but FHR is the more 

appropriate metric. 

Acronyms
AAHP - Air-to-Air Heat Pump 

ASHP - Air-Source Heat Pump 

AWHP - Air-to-Water Heat Pump 

DHWS - Domestic Hot Water Supply 

GSHP - Ground-Source Heat Pump 

HPWH - Heat Pump Water Heater 

HRV - Heat Recovery Ventilator 

PTHP - Packaged-Terminal Heat Pump

Limitations & Assumptions 
The research literature and case studies referenced had a high degree of variability across the 

following factors: 

● design and configuration of heat pump systems, 

● characteristics of retrofitted buildings and existing heating systems, 

● year and location of retrofits, 

● regional climate and weather conditions, and 

● site soil and ground properties. 

Given this variability, there is an inherent degree of uncertainty around the findings of this 

evaluation, particularly around system performance and costs. There are few absolute rules to 

accurately predict the complexity, cost, and success of a heat pump retrofit project. 

However, this evaluation was conducted with the aim of maintaining a reasonable degree of 

accuracy and precision to the degree possible, practical, appropriate, and necessary within a 

reasonable cost and timeframe. Any data used in this assessment is as up-to-date as was found 

available, collected from trusted, reliable sources such as government entities, research institutes, or 

peer-reviewed academic literature and, when possible, validated by comparing multiple sources. 

In conducting this assessment, many assumptions inevitably had to be made. Wherever 

assumptions were made, they were made conservatively, and this report was written with the aim of 

being clear, transparent, and explicit about those assumptions. 

Further Discussion & Other Findings 

General Overview of Electric Heat Pump Technology 

Principles of Operation - What are they and how do they work? 
Heat pumps are highly energy-efficient devices for heating and cooling of a space, fluid, or mass. 

They operate by using electricity to move heat from one place (a heat source) to another (a heat 

sink), against the natural direction of spontaneous heat transfer, instead of generating it like other 

conventional heat sources such as electrical resistance heaters or combustion fuel-fired furnaces 
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and boilers. Heat pumps are referred to as “air-source”, “water-source”, or “ground-source” heat 

pumps, depending on the environmental heat source being utilized. 

Components & Heat Transfer Mediums 
Heat pumps circulate a fluid refrigerant or other 

heat transfer medium through insulated pipes 

between four main components (numbered 

corresponding to the image on the right): 

1. condenser coil - refrigerant condenses 

and heat is released into the heat sink, 

2. expansion valve, 

3. evaporator coil - refrigerant vaporizes 

and heat is absorbed from the heat 

source, and 

4. compressor. 

Common heat transfer mediums include: 

● Water 

● Antifreeze 

● Glycol 

● Carbon Dioxide (CO2 or R-744) 

● Methanol 

Common refrigerants for comfort heating and cooling use are proprietary blends of fluorinated 

chemicals. HFCs, HCFC-22, R-22 have been commonly used refrigerants in U.S.-available commercial 

units, but these are being phased out with new federal regulations. CO2-refrigerant units are 

available globally and increasingly available in the US. 

Thermodynamic Cycles 
There are two main types of thermodynamic cycles on which heat pumps can be based: 

● Vapor-compression - operates on mechanical energy (typically driven by electricity), or 

● Vapor-absorption - may also run on heat as an energy source (from electricity or fuels). 

Vapor-compression, in which the refrigerant undergoes phase changes, is the most widely used 

method in electric heat pumps today. 

Factors Affecting Performance 
There are several factors that will affect the efficiency of a heat pump such as: 

● Auxiliary equipment, 

● Technology, 

● Size, 

● Control system, 

● Temperature and humidity conditions, and 

● Soil thermal properties and thermal conductivity (for ground-source systems). 

Generally, a heat pump’s performance decreases as the temperature difference between the heat 

source and sink increases - such as when heating indoors on a very cold winter day. This is because 

it takes more work to move the same amount of heat than on a milder day. 
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Reversible - Heating and/or Cooling 
Heat pumps are inherently reversible, meaning a single unit can provide both heating and cooling 

service as needed - heating buildings by moving heat from outdoors to indoors (during winter) and 

cooling buildings by moving heat from indoors to outdoors (during summer). 

The condenser and evaporator - the two heat exchangers in a heat pump - can be optimized to 

perform adequately in both modes if they must swap functions. However, heat pumps can achieve 

higher efficiency if the condenser and evaporator are optimized for just one function. 

Also, buildings in colder climates often have appreciably smaller design cooling loads than design 

heating loads. As a result, heat pumps (especially air-source heat pumps) in cold climates tend to be 

either oversized for summer cooling loads or undersized for winter heating loads. 

Types of Heat Pump Systems 
There are many variables in the design, configuration, application, and operating modes of heat 

pump systems. The diagram below and the following discussion outline the most basic variables the 

properties will need to consider when comparing heat pump options, and the associated 

requirements, limitations, complexities, and tradeoffs. 

 

Air-Source Heat Pumps 
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Air source heat pumps have relatively low installation costs compared to water or ground-source 

heat pumps. However, they generally have lower efficiency and performance than ground-source 

heat pumps, particularly in cold climates. Types of air-source heat pumps can be categorized as 

follows: 

● Central Air-to-Water Heat Pump Water Heater Plant for Domestic Hot Water Supply and/or 

Hydronic Indoor Space Heating 

● Decentralized, In-Suite Air-to-Air Heat Pumps for Indoor Space Heating 

● Decentralized, In-Suite Heat Pump Water Heaters (Air-to-Water) Heat Pumps for Domestic 

Hot Water Supply 

Decentralized, In-Suite Air-to-Air Heat Pumps for Indoor Space Heating (AAHP) 

While the following alternative types of air source heat pumps are not recommended at this time for 

the three properties being assessed, descriptions of them are included below for background 

knowledge. 

Split Systems 

Single-Zone v Multi-Zone Systems 

With split systems, individual indoor units (often referred to as “heads”) are placed inside individual 

zones of the building to be heated or cooled. Multiple single-zone systems (one outdoor unit paired 

with one indoor unit) can be installed but if many rooms need to be heated or cooled, a multi-zone 

system (multiple indoor units connected to a single outdoor unit) is usually more efficient. A multi-

zone system can heat and cool multiple zones of a building at different temperatures at the same 

time (i.e. each head can be controlled independently), based on the user’s needs. 

Ductless vs Ducted/Forced Air Systems 

Split systems can be ductless (where refrigerant lines connect the outdoor and indoor units and 

move heat around the building) or they can move warm air around the building through an air 

handler with fans, ducts, and vents. 

There are pros and cons of ducts versus no ducts. Potential downsides of forced air distribution 

systems include the following: 

● temperature stratification, 

● drafts, 

● duct leakage energy losses, 

● building pressurization that increases air leakage, 

● fan loads, 

● the sound of forced air delivery, and 

● dust accumulation within ducting.5 

Meanwhile, many refrigerant lines running through the building can cause problems if they leak. 

If there is already ductwork in the building from an existing heating and cooling system, the air-

source heat pumps can be retrofitted to use that existing ductwork. In some cases, upgrades to the 

ductwork or electrical system may be necessary during the installation process to ensure that it 

efficiently distributes air. If there is no existing ductwork, ductwork must be installed, which 

increases the time and cost of installation. 

Short-Run Ducted/Forced Air Systems 

 
5 Good HVAC hygiene such as duct cleaning and use of HEPA filters or electronic air cleaners can reduce dust issues. 
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An option that’s a bit of a hybrid between central ducted and ductless systems is a short-run ducted 

system. Ductwork is involved in this type of installation, but the ductwork only runs through specific 

portions of the building. Ductless units can then be installed anywhere in the building that isn’t 

heated and cooled through the existing ductwork. 

Ensure Air Flow w/ Ductless Systems 

Ductless heat pumps rely on air movement to move heat out into a room. This can make it hard to 

get heat around corners and into dead-ends. Locating the heads in the most open parts of the zones 

will help improve performance. 

Packaged-Terminal Heat Pumps (PTHP) 

A packaged-terminal heat pump is a unit that is mounted to an exterior wall and can provide heating 

and cooling as well as outdoor air to a space. The PTHP has an integral refrigerant cycle and fan and 

distributes air to the space without ductwork or air terminals. PTHPs are very common in hotels, 

where they can be used for both heating and cooling. 

Placement of Outdoor Evaporator Coil Units - Manage Cooling & Dehumidification, Avoid 
Freezing, and Increase Performance 

Finding a suitable outdoor installation location may be difficult. As an air-source heat pump takes 

heat out of the air in heating mode, it will inherently cool and dehumidify the space where the 

evaporator is installed. This has implications for the siting of the equipment. 

If placed in a conditioned or semi-conditioned6 space, their cool and dry exhaust air could be a 

benefit in the hot and humid summer months, but will force the space heating system to work 

harder and lead to higher heating bills in the winter months. In this case of Kirkwood, the high 

winter heating load should be prioritized by avoiding installing the unit somewhere where it may 

counterproductively cool a space that is meant to be heated. Some unconditioned spaces7 could 

provide benefits to the outdoor evaporator if placed there. For example, below grade parking 

garages provide thermal earth buffering and mass effects to maintain warmer entering air 

temperatures throughout the year. 

Moisture in the outdoor air will condense on evaporator units, so the location must accommodate 

or already have a condensate drain or pump. On very cold days, condensate may even freeze on 

outdoor heat exchangers (freezing and defrosting is discussed further in the next section). 

Installing the evaporator unit in a location with sufficient air space around it (especially need 

adequate clearance around air entry and discharge), maintaining good air circulation in that space, 

and providing a path for the cold air to exhaust away from the unit (outside or into an adjacent 

space) helps avoid freezing and, even in scenarios where counterproductive cooling or freezing are 

not concerns, increase the performance of the unit by reducing the temperature lift. 

With split systems, it’s best to find an outdoor space nearest the conditioned indoor space to 

minimize the distance between the outdoor and indoor units. 

Lastly, in regions that experience heavy snowfall, outdoor units may require some sort of protective 

housing, such as in the images below. 

 
6 Semi‐conditioned Indoor Spaces - Unconditioned spaces that are thermally linked to a conditioned space, for example, 

utility rooms or unheated basements. 
7 Unconditioned Indoor Spaces - No space conditioning/no thermostatic control such as garages and crawl spaces. 
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Defrosting 

Even with sufficient air space and circulation around a unit, freezing may still occur on outdoor units 

on very cold days. To melt this ice, the system must periodically go into “defrost mode” where: 

1. The outdoor fan will shut off, 

2. The auxiliary or back-up heating elements will be activated to continue providing heat, 

3. The frost on the outdoor coil will quickly be melted by the warm refrigerant, and 

4. The outdoor fan turns back on and the system resumes operating normally. 

This defrosting cycle results in additional energy (electricity) use and, thus, lower overall 

performance. 

Ground-Source Heat Pumps (GSHP) 
Ground-source systems generally have the highest efficiency and performance of all heat pump 

systems if properly designed and installed. What makes the ground such an excellent heat source or 

sink, particularly in cold climates, is that the underground temperature is relatively constant across 

the seasons, despite the changes in air temperature, and the earth can provide or absorb a large 

amount of heat. 

The biggest downside to ground-source systems is their high capital cost, due to the requirement of 

drilling or excavating a well, borehole, or trench and installing the underground loop. 

Thermal Recharge of Ground Loop Field 

In moderate climates the ground is used for both heat extraction (space heating) and rejection 

(space cooling). However, with ground source heat pump systems in cold climates used primarily for 

heating, heat is being extracted from relatively cold ground and is not being balanced by heat 

rejection used for space cooling. These systems depend on natural recharge, where ground is 

replenished by heat from the sun during warmer months to balance the heat that is extracted 

during the heating season. 

In cold climates, for both horizontal and vertical ground source systems, it is necessary to install a 

sufficiently large ground loop (land area and depth) to prevent thermal degradation of the soil - the 

lowering of temperatures over a single heating season and/or from year to year - caused by 

excessive heat extraction from the soil. For horizontal ground loops, some references also 
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recommend installing the loop at shallow depths to allow quicker thermal recovery of the soil during 

summer. 

Potential impacts of thermal degradation include the following: 

● Reduced heat pump system performance - over a single heating season and/or from year 

to year. 

● Creation of permafrost or seasonal ground freezing - 

could cause heaving of utilities and structures near the 

ground loop. (Graphic source: Geological Survey of 

Canada) 

An experienced designer and testing of local soil conditions will 

help ensure that the ground loop is not undersized and the soil 

thermal regime will recover each year during the summer 

months. 

Active Thermal Recharge for Snowmelt Systems 

Ground-coupled snowmelt systems have been installed in Japan 

which are able to essentially run in reverse, actively collecting 

heat from the surface pavement in summer through the embedded 

heating pipes and storing it deep in the ground 

As of 2005, a total of 10 units of these types of snow melting systems 

are in operation in northern Honshu. 

(Snow-Melting on Sidewalks with Ground-Coupled Heat Pumps in a 

Heavy Snowfall City, 2005) 

Straight-Pipe U-Tubes vs. Spiral or Slinky Horizontal Ground 
Loops 

The primary benefit of spiral loops is that they require less ground area than u-tubes. The three 

facilities under consideration all have a surplus of land space available and so this is not a high 

priority concern. Additionally, in cold climates, slinky loops are more likely than standard loops to 

cause thermal degradation of the soil - the lowering of temperatures over a single heating season 

and/or from year to year - caused by excessive heat extraction from a given volume of soil. 

Meanwhile, slinky loops also require more pipe length and pumping energy than a basic horizontal 

setup. For these reasons, a standard straight-pipe u-tube loop is likely the better option in Kirkwood 

compared to slinky loops. 

Heat Losses from Hot Water Storage and Distribution 
Some produced heat is lost through conduction out of the hot water storage and distribution 

system. Reducing these losses is an important aspect of creating a high efficiency central water-

heating system, and this is accomplished by insulation (without thermal bridging) on all parts of the 

distribution system. 

For a central water-heating plant, the distribution losses should be approximately the same 

regardless of whether a boiler or a heat pump is used. 

Interactive Effects between Water-Heating Losses and Space-Heating Load 
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Some of the heat losses from the domestic hot water supply system go to offset some space heating 

energy that would otherwise have to be produced by the space heating system, and since some 

space heating energy is “recycled” by heat pumps, there is an interactive effect and the overall effect 

on the total energy use of the building is somewhat complicated. This interactive effect is hard to 

estimate, but if the DHWS heat source is separate and more efficient than the space-heating heat 

source, then the losses are offset by that higher efficiency. 

Waste Heat Recovery 
Waste heat from nearby equipment or buildings at a site can also be an advantageous heat source. 

Example sources include: 

● Furnaces or boilers, 

● Refrigerators, and 

● Kitchens, clothes dryers, or fireplace air vents. 

While heat pumps and thermal storage tanks can benefit from simply being co-located with waste 

heat sources (such as in a utility room8), there are also more active waste heat recovery technologies 

that can provide even greater benefits - these are discussed below. 

Exhaust Air Heat Recovery Ventilators 
Heat recovery ventilators (HRVs) extract heat from an exhaust stream leaving the building and inject 

that heat into the incoming air stream from the outdoors. They are very effective in cold climates, 

where significant amounts of energy are required to heat incoming outdoor air for ventilation of a 

building. HRVs can either be centralized – serving an entire building through ducts – or decentralized 

– serving one suite either with ducted or ductless “through-wall” units. They can achieve heat 

recovery efficiencies of about 90%. 

There are three types of HRVs commonly used: 

1. Heat recovery core (typically plastic) 

2. Push-pull (used in exhaust mode for one minute, heating a heat recovery core; then switches 

to ventilation mode for another minute, using the heated core to preheat incoming air) 

3. Heat wheel (commonly used on central make up air units in commercial buildings) 

Sewage Heat Recovery Heat Pump 
There is a substantial amount of energy that goes down the drain in buildings in the form of warm 

water from showers, dishwashers and clothes washers. With a sewage heat recovery system, this 

heat can be collected and re-used to offset a substantial amount of the heating load in the buildings 

- in some cases up to 80%. 

SHARC Energy Systems is one engineering firm that offers such systems and has a number of 

successful installations across North America. Their systems come in multiple sizes, can be used on 

a building scale or a neighborhood scale in a district heating system, and can be “out of the box” 

(mostly) or custom designed. 

 
8 During a site visit, a property manager estimated that boiler room air temperatures are typically around 85 degrees 

Fahrenheit. 
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Sewage heat recovery is a good option for new construction, but there are two main criteria that 

should be met for a building to be a suitable candidate for a sewage heat recovery retrofit: 

● The main sewer line must be easily accessible, and 

● The electrical room, primary water heating equipment (i.e., the boiler rooms), and sewer 

main (where the recovery heat pump will be located) should all be in close proximity to avoid 

having to install a large amount of additional piping. 

The heat pump requires some auxiliary equipment such as storage tanks and pumps, and will take 

up the space of about a parking space or two. 

Third-party or integrated control systems 
Given the fact that operators may be unfamiliar with heat pump technology design and 

management, it is a good idea to include robust measurement, verification, monitoring, and 

alarming functions to assist in diagnosing issues and improving operation. 

If any other alternative indoor space heating system is installed to be used in conjunction with 

existing central hydronic heating system, switchover control systems may also need to be 

implemented to ensure the two heating systems don’t “fight” each other. 

Operation & Maintenance Requirements 
Maintenance requirements could include an annual or biannual (once or twice a year) maintenance 

“check-up” by a heating technician. This typically involves a check of the control system and 

connections to ensure that the heat pump is operating at full efficiency. The fixed costs associated 

with that annual check-up are the bulk of the cost. Additional maintenance tasks could include 

periodic cleaning of coils, drain pans, and drain lines or checking for and repairing any refrigerant 

leaks. In the end, it was assumed that maintenance time and costs were roughly the same for all 

heating technology options under consideration and they were not accounted for. 

Occupant Experience - Aesthetics & Comfort 
Visual Obtrusion - Depending on the size of the heads, usually fixed in a wall or ceiling, they can be 

considered visually obtrusive as some might prefer they were not visible in the space.  

Noise Nuisance - Main source of noise is condenser fans. Air-source heat pumps will generate 

noise similar to a dehumidifier when running and may cycle frequently, making them disruptive to 

room occupants – especially when trying to sleep – but some units are very quiet. Locate unit where 

noise won’t be an issue and ensure unit has a night time mode, quiet fan blades, or soft-start 

compressors. 

Cold-Climate Heat Pumps & Enabling Innovations 
Heat pumps provide an efficient heating method; however they suffer from severe capacity and 

efficiency degradation as the temperature difference or “lift” between their heat source and heat 

sink increases - effectively, as ambient temperatures decreases 

Heat pumps inherently work best in moderate climates, but heat pump technology has come a long 

way in the last 10 years. While the performance advantage of ground-source heat pumps over air-

source generally remains true, the “performance gap” has been steadily closing due to refinements 
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in cold-climate air-source heat pump technology. Today, a well designed and operated heat pump 

system, whether air-, water-, or ground-sourced, optimized for cold climates, can reduce energy use 

and long-term costs even in cold climates. A number of recent technological innovations have 

greatly improved the potential performance of heat pumps - some such innovations are discussed 

below. 

Dual-Source Heating - Supplementary or Secondary Back-Up Systems 
Heat pump installations may be installed alongside (in series and/or parallel) an auxiliary 

conventional heat source such as electrical resistance heaters or combustion fuel-fired furnaces and 

boilers.  

When arranged in series, this auxiliary source helps to meet peak heating loads, when the job is too 

big for the heat pump to do on its own. In this case, the heat pump essentially functions to preheat 

water before it enters a conventional fuel-fired boiler or hot water heater. 

When arranged in parallel, the auxiliary source also provides a back-up system in case the heat 

pump is unavailable, such as for maintenance. On days when temperatures outside drop too low, 

air-source heat pumps may need to rely 100% on backup heat. Most heat pumps have a lower 

compressor cut-off temperature - the ambient temperature below which a heat pump’s compressor 

will no longer operate and, typically, some sort of backup heat source will activate. This minimum 

operating temperature is to protect the compressor from the increasingly large temperature spread, 

which causes premature wear and tear. 

If back-up heating is used it may either require manual intervention to switch it on, or there may be 

an automatic alarm that alerts maintenance personnel when there is a heat pump failure. 

Twin-Source Heat Pumps 

Hybrid or twin-source heat pumps also exist which have two separate evaporators drawing heat 

from two separate heat sources. The unit automatically selects the most efficient operating mode 

allowing the use of the most economical heating source (or both together) at any given time. 

Variable Refrigerant Flow or Variable-Capacity Heat Pumps 
These heat pump systems, equipped with inverter-driven variable-speed compressors, run only at 

the capacity needed for the current conditions, enabling them to precisely control refrigerant flow 

and heat transfer, and smoothly respond to changes in indoor and outdoor temperatures. This is 

unlike conventional, single-speed systems that must turn fully on or off. Some variable capacity 

compressors have three or more distinct operating speeds, while the most advanced units are 

continuously variable. 

This is a particularly important improvement for cold-climate heat pumps. Buildings in colder 

climates often have appreciably smaller design cooling loads than design heating loads. As a result, 

heat pumps (especially air-source heat pumps) in cold climates have needed to be either oversized 

for summer cooling loads or undersized for winter heating loads. With variable refrigerant flow heat 

pumps, these mismatched loads can be addressed by sizing compressor capacity to meet winter 

heating loads at full capacity, while part‐load operation efficiently satisfies summer cooling loads. 

An addition benefit of VRF systems is that they can be less noisy, and there is less wear and tear on 

the parts. 
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Two-Stage or Multi-Compressor Designs 

Units can also be designed with two compressors that operate in series. This can help to further 

address mismatched loads in cold climates. On more temperate days, a single variable-speed 

compressor operates to meet the heating loads. When the temperature falls below the point where 

the single compressor can effectively meet the heating load, a second “boost” compressor with a 

large volumetric capacity also runs. 

Enhanced Vapor Injection 
In heating mode operation, some of the liquid refrigerant leaving the condenser is sent through an 

electronically controlled expansion valve and then into a “sub-cooler” heat exchanger as shown in 

the Figure to the right. 

This refrigerant evaporates within the sub-cooler absorbing heat from the remainder of the liquid 

refrigerant stream. This further reduces the temperature of the liquid refrigerant before it passes 

through the main thermal expansion valve. The vaporized refrigerant leaving the sub-cooler passes 

into a special medium pressure port on the scroll compressor and is captured within the scroll set, 

effectively increasing refrigerant mass flow rate. 

Economizers 
In addition, two‐stage units can incorporate a refrigerant economizer that expands a portion of the 

liquid refrigerant leaving the condenser to a pressure between that of the evaporator and 

condenser (i.e., the inlet pressure of the second compression stage). This expanded refrigerant 

accepts heat from the liquid refrigerant, subcooling the liquid prior to expansion, and further 

increasing cycle capacity and efficiency.  As a result, their heating capacities drop off more slowly 

than conventional ASHPs while maintaining a sufficient COP. 

CO2 Refrigerant Heat Pumps 
CO2 heat pumps are a relatively new technology that’s just recently entered the North American 

market. More common in Asia, these systems use CO2 as a refrigerant instead of more traditional 

refrigerants. For water heating, CO2 can achieve much higher water temperatures compared to 

other refrigerants. 

Best Design Practices 
Below is a summary of guidance from Ecotope, an engineering design firm in Seattle which, as of 

2019, has designed 25 central domestic hot water heat pump systems in North America. (Redwood 

Energy, 2019) 

1. “Distributed” Central Systems - Oversizing the central heat pump for faster recovery may 

lead to both higher installation costs and equipment failure. Instead of one large central 

unit, use a more flexible “distributed” central system consisting of a series of smaller, 

dispatchable heat pumps, and favor hot water storage over hot water production. Among 

other benefits, this will help provide better “turn-down” to perform well during milder 

weather, low-load conditions as well as design conditions. 

2. Split the pipe recirculation heat loss load from the usage load and include: 

a. Single-Pass Units - best for recharge during peak loads and big, rapid temperature 

lifts on colder incoming water. Typically, with single-pass pumping, the flow rate of 

water through the heat pump is variable and regulated by a control valve. This 
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results in a variable temperature rise across the heat pump and allows the heat 

pump to maintain a high target output temperature with incoming water 

temperatures ranging from 45-110ºF. The advantage of the Single Pass arrangement 

is that a usable water temperature is always delivered to the top of the storage 

reservoir. 

b. Multi-Pass Units - best for slow, steady temperature maintenance or small “bump-

ups” of warmer recirculated water. As opposed to single-pass units, multi-pass units 

have a fixed flow rate and fixed, small temperature rise on the water. 

3. Heat Traps in Storage Tanks - Install “heat traps” on both hot and cold water sides of 

storage tanks to prevent migration and mixing. 

4. Reduce Pipe Surface Area and Insulate - Reduce pipe surface area to greatest extent 

possible. Insulate remaining pipes with 1”-4” of foam, depending on space availability. 

Insulate tanks to at least R-19, same as an outside wall, due to the even more extreme heat 

loss than found in a wall. 

5. Monitoring and Diagnostics - Design diagnostics into crucial points in the heat plant and 

distribution system—electrical gauges to measure power quality, temperature gauges to 

monitor heat gain and loss, and control valves on the discharge side of pumps to measure 

pump flow 

6. Redundancies & Backup Heat - Provide redundancy in heat pumps and choose electric 

resistance storage tanks for a durable, dependable design for the eventuality that system 

components need maintenance. 

7. Waste Heat Recovery - Consider adding drain line heat recovery to save energy while 

improving the hot water delivery capacity. This is a simple heat exchanger to transfer heat 

from the drain line to the incoming cold water input to the water heater. 

Usage Rate Analysis 

Customer Heating Expense 
Impacts 
Heating electrification and propane 

displacement by customers will 

cause an increase in their electricity 

usage and a decrease in their 

propane usage. Whether or not this 

actually results in an overall heating 

energy expense savings depends on 

the price of each of these energy sources. 

The “price of useful heat” is a metric that can be used to more intuitively understand and compare 

electricity and propane rates and their impact on customer heating expenses. The price of useful 

heat is determined as follows. 

𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝑈𝑠𝑒𝑓𝑢𝑙 𝐻𝑒𝑎𝑡 ($/𝑘𝐵𝑇𝑈) = 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑈𝑠𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 ($/𝑘𝑊ℎ)

𝐻𝑒𝑎𝑡 𝑃𝑢𝑚𝑝 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐵𝑇𝑈𝑠/𝑤𝑎𝑡𝑡 − ℎ𝑟)
 𝑂𝑅 

𝑃𝑟𝑜𝑝𝑎𝑛𝑒 𝑈𝑠𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 ($/𝑐𝑢𝑏𝑖𝑐 𝑓𝑜𝑜𝑡)

𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑃𝑟𝑜𝑝𝑎𝑛𝑒 (𝐵𝑇𝑈𝑠/𝑐𝑢𝑏𝑖𝑐 𝑓𝑜𝑜𝑡) × 𝐵𝑜𝑖𝑙𝑒𝑟 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%)
 

The break even point (without recovering upfront capital expenses) is the set of rates at which the 

price of useful heat from a heat pump equals the price of useful heat from a boiler. 
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At current electricity and propane rates in the District, the price of useful heat from an electric heat 

pump is well above that of a fuel-fired boiler (the specific amount varies depending on the operating 

efficiencies of the equipment). As a 

result, heating electrification and 

propane displacement would likely 

result in an increase in energy 

expenses for customers. To enable 

heating cost savings for customers, 

KMPUD must increase propane 

rates and/or decrease electric rates. 

KMPUD Income Impacts 
Changes in energy demand between 

electricity and propane, across 

KMPUD’s customer base, paired 

with changes in the unit price of 

those energy services, can have 

significant impacts to KMPUD’s net 

income. It is important that any rate 

adjustments maintain positive and 

stable net income for KMPUD. 

Innovative Rate Structures, Utility Programs, and Business Models 

Demand-Response Programs and Special Discounted Off-Peak Rates 
KMPUD can offer special discounted rates, lower than standard rates, to customers participating in 

demand-response programs, enabling customers to further reduce their heating energy expenses 

while helping KMPUD to manage the electric grid during peak loads or emergency conditions, and/or 

increase generation from clean, renewable sources. Two examples of such programs are described 

below.9 

Dual-Source Rates 

Participating customers who install qualifying dual-source heating systems, including electric heat 

pumps and combustion fuel-fired furnaces or boilers, would use their electric heat pumps as the 

primary heat source during normal off-peak conditions, while their non-electric backup system 

supplies heat during periods of peak demand on the grid. 

Energy Storage and Deferred Load Rates 

Participating customers who install qualifying thermal/heat storage or other energy storage systems 

can be eligible. For example, electric heat pump water heater systems typically include hot water 

tanks, which can be designed and operated as thermal storage systems. These systems would 

charge during off-peak hours and continue to provide service even during peak periods. 

Energy as a Service 
 

9 The Otter Tail Power Company in Minnesota, North Dakota, and South Dakota has Dual-Fuel Rate and Deferred Load Rate 

Programs. 
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Also called “energy contracting”, this utility model is growing in popularity and takes a different 

approach to effectively provide an incentive for the adoption of heat pump systems, which involves 

the utility planning, installing, operating, and maintaining distributed heat pump systems at their 

own cost and selling the heat to the property owners at a contracted price in cents per kilowatt‐

hour.  
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Standardized specifications, ratings, labels, and certifications exist in the marketplace to help 

evaluate heat pump performance. Criteria were developed for this evaluation partly based on the 

specifications of the following: 

● The Northeast Energy Efficiency Partnership’s (NEEP) Cold Climate Air-Source Heat Pump 

(ccASHP) Specification: https://neep.org/sites/default/files/ColdClimateAir-

sourceHeatPumpSpecification-Version3.0FINAL_0.pdf 

● NEEA’s Northern Climate Advanced Heat Pump Water Heating Specification: 
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DoE’s ENERGY STAR label 
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_criteria 
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● https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20CAC-ASHP%20V5.0.pdf 

● https://www.energystar.gov/sites/default/files/specs//private/Geothermal_Heat_Pumps_Prog

ram_Requirements%20v3.1.pdf 

● https://www.energystar.gov/sites/default/files/Light%20Commercial%20HVAC%20Version%2

03.1%20Program%20Requirements_1.pdf 

● https://www.energystar.gov/sites/default/files/Water%20Heaters%20Final%20Version%203.2

_Program%20Requirements.pdf 

CEE’s Tiered Specifications 
● https://library.cee1.org/system/files/library/9570/CEE_ResHVAC_CAC_ASHP_Specifications_1J

anuary2015.pdf 

● https://library.cee1.org/system/files/library/13556/CEE_ResWaterHeating_Specification_16M

ar2018.pdf 

● https://library.cee1.org/system/files/library/7559/Appendix_B_2019_CEE_ComACHP_Unitary_

Spec.pdf 

AHRI Standards 
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https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2005/1443.pdf
http://onlinepubs.trb.org/onlinepubs/webinars/160721.pdf
https://neep.org/sites/default/files/ColdClimateAir-sourceHeatPumpSpecification-Version3.0FINAL_0.pdf
https://neep.org/sites/default/files/ColdClimateAir-sourceHeatPumpSpecification-Version3.0FINAL_0.pdf
https://neea.org/img/documents/Advanced-Water-Heating-Specification_181010_152257.pdf
https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria
https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria
https://www.energystar.gov/products/heating_cooling/heat_pumps_air_source/key_product_criteria
https://www.energystar.gov/products/heating_cooling/heat_pumps_air_source/key_product_criteria
https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria
https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria
https://www.energystar.gov/products/heating_cooling/heat_pumps_geothermal/key_product_criteria
https://www.energystar.gov/products/heating_cooling/heat_pumps_geothermal/key_product_criteria
https://www.energystar.gov/sites/default/files/Program%20Requirements_Commercial%20Water%20Heaters_Final%20Version%202.0_12%2029%2017.pdf
https://www.energystar.gov/sites/default/files/Program%20Requirements_Commercial%20Water%20Heaters_Final%20Version%202.0_12%2029%2017.pdf
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20CAC-ASHP%20V5.0.pdf
https://www.energystar.gov/sites/default/files/specs/private/Geothermal_Heat_Pumps_Program_Requirements%20v3.1.pdf
https://www.energystar.gov/sites/default/files/specs/private/Geothermal_Heat_Pumps_Program_Requirements%20v3.1.pdf
https://www.energystar.gov/sites/default/files/Light%20Commercial%20HVAC%20Version%203.1%20Program%20Requirements_1.pdf
https://www.energystar.gov/sites/default/files/Light%20Commercial%20HVAC%20Version%203.1%20Program%20Requirements_1.pdf
https://www.energystar.gov/sites/default/files/Water%20Heaters%20Final%20Version%203.2_Program%20Requirements.pdf
https://www.energystar.gov/sites/default/files/Water%20Heaters%20Final%20Version%203.2_Program%20Requirements.pdf
https://library.cee1.org/system/files/library/9570/CEE_ResHVAC_CAC_ASHP_Specifications_1January2015.pdf
https://library.cee1.org/system/files/library/9570/CEE_ResHVAC_CAC_ASHP_Specifications_1January2015.pdf
https://library.cee1.org/system/files/library/13556/CEE_ResWaterHeating_Specification_16Mar2018.pdf
https://library.cee1.org/system/files/library/13556/CEE_ResWaterHeating_Specification_16Mar2018.pdf
https://library.cee1.org/system/files/library/7559/Appendix_B_2019_CEE_ComACHP_Unitary_Spec.pdf
https://library.cee1.org/system/files/library/7559/Appendix_B_2019_CEE_ComACHP_Unitary_Spec.pdf
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● 1998 Standard for Ground Source Closed-Loop Heat Pumps: 

http://www.ahrinet.org/App_Content/ahri/files/standards%20pdfs/AHRI%20standards%20pd

fs/AHRI%20Standard%20330-1998.pdf 

● 1998 Standard for Ground Water-Source Heat Pumps: 

http://www.ahrinet.org/App_Content/ahri/files/standards%20pdfs/AHRI%20standards%20pd

fs/AHRI%20Standard%20325-1998.pdf 

● 2016 Standard for Performance Rating of Direct Geoexchange Heat Pumps: 

http://www.ahrinet.org/App_Content/ahri/files/STANDARDS/AHRI/AHRI_Standard_870_IP_20

16.pdf 

Online Product Databases 
● AHRI Directory of Certified Product Performance 

● Consortium for Energy Efficiency Directory of Efficient Equipment 

● Energy Star Certified Product Data Sets 

● NEEP’s ccASHP Product List10 

● NEEA's Advanced Water Heater Specification Qualified Products List for Heat Pump Water 

Heaters 

Techno-Economic Modeling and Software Tools 
● Life Cycle Cost Estimate for 20 ENERGY STAR Qualified Air Source Heat Pump(s) 

● Energy Cost Calculator for Commercial Heat Pumps (5.4 >=< 20 Tons) 

● Levelized Cost of Energy Calculator 

● Savings calculators 

● Energy Star Savings calculators 

● Heating Fuel Comparison Calculator 

● Simplified Energy Enthalpy Model (SEEM) 

● System Advisor Model (SAM) 

● BEopt™ (Building Energy Optimization Tool) 

● http://doe2.com/ 

● EnergyPlus 

● National Residential Efficiency Measures Database 

● AkWarm 

● RETScreen  

 
10 Starting in April 2019, NEEP limited access to view or download a comprehensive excel-based list of products to paying 

initiative subscribers. Non-subscription access is now limited to the online web portal. However, a copy of the list was found 

at the following URL: https://neep.org/sites/default/files/ColdClimateAir-SourceHeatPumpSpecificationProductListing-

Updated11.30.18.xlsx 
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http://www.ahrinet.org/App_Content/ahri/files/standards%20pdfs/AHRI%20standards%20pdfs/AHRI%20Standard%20330-1998.pdf
http://www.ahrinet.org/App_Content/ahri/files/standards%20pdfs/AHRI%20standards%20pdfs/AHRI%20Standard%20330-1998.pdf
http://www.ahrinet.org/App_Content/ahri/files/standards%20pdfs/AHRI%20standards%20pdfs/AHRI%20Standard%20325-1998.pdf
http://www.ahrinet.org/App_Content/ahri/files/standards%20pdfs/AHRI%20standards%20pdfs/AHRI%20Standard%20325-1998.pdf
http://www.ahrinet.org/App_Content/ahri/files/STANDARDS/AHRI/AHRI_Standard_870_IP_2016.pdf
http://www.ahrinet.org/App_Content/ahri/files/STANDARDS/AHRI/AHRI_Standard_870_IP_2016.pdf
https://www.ahridirectory.org/Search/SearchHome?ReturnUrl=%2f
http://www.ceedirectory.org/site/1/Home
https://www.energystar.gov/productfinder/advanced
https://neep.org/ASHP-Specification
https://neea.org/our-work/advanced-water-heater-specification
https://neea.org/our-work/advanced-water-heater-specification
https://www.ecoer.com/wp-content/uploads/2019/04/Copy-of-Calc_ASHP_bulk-1-energy-star.xls
https://www.energy.gov/eere/femp/energy-cost-calculator-commercial-heat-pumps-54-20-tons
https://www.nrel.gov/analysis/tech-lcoe.html
http://oee.nrcan.gc.ca/residential/business/energystar/procurement/calculator.cfm?attr=12
http://oee.nrcan.gc.ca/residential/business/energystar/procurement/calculator.cfm?attr=12
http://www.ememc.com/wp-content/uploads/2014/07/Copyofheatcalc.xls
https://rtf.nwcouncil.org/simplified-energy-enthalpy-model-seem
https://sam.nrel.gov/
https://beopt.nrel.gov/home
http://doe2.com/
https://energyplus.net/
https://remdb.nrel.gov/measures.php?gId=2&ctId=316
http://www.analysisnorth.com/AkWarm/AkWarm2download.html
https://www.nrcan.gc.ca/energy/retscreen/7465
https://neep.org/sites/default/files/ColdClimateAir-SourceHeatPumpSpecificationProductListing-Updated11.30.18.xlsx
https://neep.org/sites/default/files/ColdClimateAir-SourceHeatPumpSpecificationProductListing-Updated11.30.18.xlsx
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Appendix 1 - Property Background & Site Visits 
KMPUD selected the following three 

commercial customer properties for 

evaluation: 

1. Mountain Club Building (owned by 

Kirkwood Capital Partners) 

2. Meadow Stone Lodge Larkspur 

Building (owned by Pyramid Peak 

Properties) 

3. Plaza Snowmelt System (owned by Vail 

Resorts) 

Each of these properties currently has one or 

more propane-gas-fired boilers which provide 

heat for the following applications: 

● hydronic heating of indoor spaces with 

fan coil units, 

● domestic hot water supply, and 

● Class II (snow free ratio 0.5) hydronic glycol snowmelt systems.11 

The buildings’ hydronic heating systems function by circulating hot water from the boilers 

throughout the buildings’ insulated distribution system, passing through fan coil space heating units 

in each room, and ultimately delivering domestic hot water to the fixtures and appliances where it’s 

needed. 

During our tour of the properties and discussion with one of the property managers it was learned 

that some indoor spaces in the building are sometimes uncomfortably overheated, including the 

hallways, where there are no actual heating units installed. This overheating is likely due to excessive 

heat losses from the hot water distribution system throughout the building, and could indicate a 

need for better insulation of those pipes. 

The buildings have no existing ductwork for forced air distribution and no air conditioning systems 

to cool the buildings in the summer months. Summer temperatures generally stay low enough that 

AC is not necessary. In fact, assuming a base comfort zone of 65 - 80 °F, Kirkwood has had zero 

cooling degree-days in the last five years which were assessed. 

Mountain Club Building 
Mountain Club has two propane-gas-fired boilers, located on the fourth floor, which share duties for 

the building’s indoor space heating and domestic hot water supply systems. The boilers are 

generally left on around the clock, maintaining a fairly constant water temperature of 170 °F from 

October to May, and 155 °F from June to September. 

Meadow Stone Lodge Larkspur Building 

 
11 The plaza is a common community area with shopping, dining, etc. Multiple surrounding properties have boilers feeding 

snowmelt systems under the plaza area. 

Me

Mo

Va
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Meadow Stone has two boiler rooms located on the top floor (5th floor) each containing a propane-

gas-fired boiler which serve the building’s hydronic indoor space heating and domestic hot water 

supply systems. 

The Meadow Stone boiler system has relatively sophisticated controls and each suite is metered 

individually. The two boilers alternate weekly. Sometimes when demand is high both turn on at the 

same time, but rarely. 

The building has flat roofs which provide a potential location for heat pump equipment. The building 

also has exhaust air vents on the roof, which provide a good source of heat, however the roof and 

these vents can get covered in deep snow during the snow season and sometimes need to be dug 

out. 

Meadow Stone Snowmelt System 
The Meadow Stone evaluation focused on the main boilers in the Larkspur buildings. They also 

requested that their snowmelt system be looked at - Meadow Stone has two propane-gas-fired 

boilers, located in the garage, which heat the property’s two independent hydronic glycol snowmelt 

systems. However, since Vail’s plaza snowmelt system was already being evaluated, and the two are 

likely to be comparable, a full-depth evaluation of the Meadow Stone snowmelt system was not 

conducted. 

Vail Plaza Snowmelt System 
Vail has two propane-gas-fired boilers, located in the garage, which share duties for the building’s 

hydronic glycol snowmelt systems. This is a Class II (snow free ratio 0.5) snowmelt system, as 

classified by ASHRAE, meaning 50% of snow is melted while falling, and the rest afterwards.12 

The plaza boiler system currently doesn’t have the capability of modulating water temperature or 

hot water flows - it’s a single temperature, on/off system. Typical output water temperature is 135 

°F. A property manager also stated “there are sensors, but we override them.” 

The system is only used “as needed” at the discretion of the property manager. It is typically turned 

on two hours before a snow storm hits, and is then left on during the storm. Propane usage data 

analysis indicates peak heating loads from 8am-12pm during the snowy season months (Nov - Feb), 

as shown in the image below. In 2017 there was a tremendous amount of snow in February and it 

was run heavily during that period. 

A property manager claimed that their plaza boiler system is “linked” to boiler systems at the 

neighboring Mountain Club property. He believes their plaza boilers are working overtime and 

serving Mountain Club’s heating loads, and that it is difficult to track this in any way. It is unclear if 

this is actually the case or not. 

Another issue brought up by the property manager is minor glycol leaks. 

A property manager stated that Vail is interested in making two developments to the plaza property: 

1. The plaza has a hydronic cooling system under an area of the plaza meant to be used as an 

ice rink. However, this ice rink has not been used in years. Vail is interested in adapting the 

hydronic cooling system, and instead using it as a heating snowmelt system to extend the 

patio space. 

 
12 Snowmelt systems can be classified as Class I (snow free ratio = 0), Class II (snow free ratio = 0.5), or Class III (snow free 

ratio = 1). 
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2. Vail is interested in adding a snowmelt system to the parking lot, reducing or eliminating the 

need for snow plowing and storage.  
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Appendix 2 - Building and Boiler System Details 

Mountain Club Building 
Building 

Year of Construction: Unknown 

# of Floors: 4 

# of Suites: Unknown 

Building Square Footage: 17000 ft2 

Boiler System Specifications 

(from Nameplate) 

Other Boiler System Details 

Make: PVI Industries, Inc. 

Model #: 125 WBHE 250A-TP 

Serial #s: 059998000 & 059998001 

Part #: 123926-1 

Water Storage Capacity: 250 gal 

Hydrostatic Test Pressure: 188 PSI 

Working Pressure: 50 PSI 

Fuel Input Capacity: 4,980,000 BTU/hr 

Heat Output Capacity: 4,185,000 BTU/hr 

Fuel Utilization Efficiency: 84% 

KMPUD Meter ID: 9953329 

# of Boilers: 2 

Typical Output Water Temperature: 170 °F 

Year of Installation: Unknown 

Useful Life Expectancy: Unknown 

Upfront Purchase & Installation Cost: 

Unknown 

Ongoing Operation & Maintenance Cost: 

Unknown 
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Meadow Stone Lodge Larkspur Building 
Building 

Year of Construction: Unknown 

# of Floors: 5 

# of Suites: 26 

Building Square Footage: 15000 ft2 

Boiler System Specifications 

(from Nameplate and 

https://www.raypak.com/product/Raytherm-Hydronic-

Boilers-2100-4001/) 

Other Boiler System Details 

Make: Raypak 

Model #: H3-2100 

Serial #s: Unknown 

Part #: Unknown 

Max Water Temp: 250 °F 

Water Storage Capacity: Unknown 

Hydrostatic Test Pressure: Unknown 

Working Pressure: 160 PSI 

Fuel Input Capacity: 1,932,000 BTU/hr 

Heat Output Capacity: 1,564,920 BTU/hr 

Fuel Utilization Efficiency: 81% 

Firing Mode: 2-Stage 

Minimum Clearance: 2 ft in every direction 

KMPUD Meter ID: 1973 

# of Boilers: 2 

Typical Output Water Temperature: 170 °F 

Mechanical Equipment #: 540 

Year of Installation: 2004 

Useful Life Expectancy: 30 

Upfront Purchase Cost: $75,064 

Upfront Installation Cost: Unknown 

Ongoing Operation & Maintenance Cost: 

Unknown 

 

Snowmelt System 
Boiler System Specifications Other Boiler System Details 
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(from Nameplate and 
https://www.raypak.com/product/Raytherm-Hydronic-

Boilers-962-1826/) 

Make: Raypak 

Model #: H5-1468 

Serial #s: 0201190841 & (2nd boiler unknown) 

Part #: 059237 

Max Water Temp: 250 °F 

Water Storage Capacity: Unknown 

Hydrostatic Test Pressure: Unknown 

Working Pressure: 160 PSI 

Fuel Input Capacity: 1,350,000 BTU/hr 

Heat Output Capacity: 1,107,000 BTU/hr 

Fuel Utilization Efficiency: 82% 

Firing Mode: Mechanical modulation, setpoint 

110F-170F 

Minimum Clearance: 2 ft in every direction 

KMPUD Meter ID: 1224337 

# of Boilers: 2 

Mechanical Equipment #: 530 

Year of Installation: 2004 

Useful Life Expectancy: 30 

Upfront Purchase Cost: $66,079 

Upfront Installation Cost: Unknown 

Ongoing Operation & Maintenance Cost: 

Unknown 

 

Vail Plaza Snowmelt System 
Boiler System Specifications 

(Source: 

https://issuu.com/ajaxboiler/docs/ajax_water_boilers_2009) 

Other Boiler System Details 

Make: Ajax Boiler Inc. 

Model #: WRFP1500 

Serial #s: Unknown 

Part #: Unknown 

Water Storage Capacity: 81 gal 

Hydrostatic Test Pressure: Unknown 

Maximum Allowable Working Pressure: 125 

PSIG 

Fuel Input Capacity: 1,500,000 BTU/hr 

Heat Output Capacity: 1,230,000 BTU/hr 

KMPUD Meter ID: 01B769715 

# of Boilers: 2 

Typical Output Water Temperature: 135 °F 

Year of Installation: 2001 

Useful Life Expectancy: 25 yrs 

Upfront Purchase & Installation Cost: $300K 

Ongoing Operation & Maintenance Cost: 

$3,000/yr 
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Fuel Utilization Efficiency: 82% 
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Appendix 3 - Site Photos & Boiler Room Dimensions 

Mountain Club Building 

Boiler Room 

 

 

Refrigeration Unit in Garage for Kitchen’s Walk-in Freezer 

 

12.5 ft 

21 ft 

31 ft 

26 ft 

Boiler 
5 
ft 

15 ft 

 2nd 
Identic

al 
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Air Intakes and Exhaust Vents on East Side of Building 

2 
Compre

ssors

Garag
e Fan 
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South-East 

 

North-East

 

Meadow Stone Lodge Larkspur Building 

Building Boiler Rooms 
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Boiler 1 (North) 

 
Boiler 2 (South) 

  

 

 

1

9
.
5 
f
t 

 

4.5 ft 

5 ft 

6.5 ft 

9.5 ft 

9 ft 

Boiler 4.5 ft 

7.17 ft 
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Snowmelt Boiler Room 

 

Hot Water Storage Buffer Tanks on 4th Floor 

   

Roofs 

 

35 ft 

6 ft 

9 ft 

Boiler 3 
ft 

7.5 ft 

2nd Identical 
Boiler 
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Vail Plaza Snowmelt Boiler Room 
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Appendix 4 - System Heating Loads 
Methodology 

● KMPUD provided metered hourly propane usage data for the vail plaza snowmelt system. 

However, hourly information was not available for the Mountain Club and Meadow Stone 

boiler systems. So, to estimate hourly heating loads and develop daily heating load profiles, 

the general usage patterns for hot water and space heat in the residential and commercial 

sectors was analyzed using end-use load shape data from the Electric Power Research 

Institute (EPRI). 

● In the daily heating load profiles below, blue markers represent individual hourly heating 

loads, red markers represent maximum hourly heating loads in a typical year, and the yellow 

line represents the theoretical “smoothed” or “distributed” maximum hourly heating load. 

● In estimating DHWS v space-heating loads, the following assumptions were made: 

○ In the warmest month of the year (July), there is no space heating demand, and all 

the heating energy used that month is for DHWS. 

○ DHWS heating load increases linearly by 29% from July to December/January (based 

on EPRI data). 

○ The difference between the total heating load and DHWS load is equal to the space-

heating load for the building. 

Results 
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58



  50 
 

 

Appendix 5 - Kirkwood’s Climate 

The U.S. Department of Energy 

Building America Program 

designates every U.S. county to one 

of eight climate zones. The eight 

Building America climate regions are 

based on the climate designations 

used by the International Energy 

Conservation Code (IECC) and the 

American Society of Heating, 

Refrigerating and Air-Conditioning 

Engineers (ASHRAE). 

 

 

 

 

Similarly, California Title 24 defines 16 

building climate zones in California, as 

shown in the image to the left. The climate 

zones are based on energy use, 

temperature, weather and other factors. 

Kirkwood straddles the border between 

two counties - Amador and Alpine - each 

with its own different climate designations. 

For this project, Alpine County’s climate 

designation was chosen as most 

representative of Kirkwood’s true climate 
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conditions and used for all design and 

assessment considerations. 

 Amador 

County 

Alpine 

County 

Building America 

Climate Zone 
Mixed-Dry Cold 

IECC Climate Zone 4 6 

IECC Moisture 

Regime 
B B 

CA Climate Zone 16 

The charts and data below provide a summary characterization of the Kirkwood climate. 

Temperature data was collected as a daily low, high, and average. To estimate hourly outdoor air 

temperature, the following assumptions were made: 

● The daily minimum temperature occurs at 3 am (tmin) and the daily maximum temperature 

occurs at 3 pm (tmax). 

● The hour at which the daily average temperature occurs is calculated according to the 

formula below. It is equal to halfway between 3 am and 3 pm (9 am), adjusted to account for 

the “skewness” of the daily temperature profile. 

𝑡𝑎𝑣𝑔 = 9 × (1 −
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑒𝑚𝑝 −  𝑚𝑖𝑑𝑟𝑎𝑛𝑔𝑒 𝑡𝑒𝑚𝑝

𝑚𝑖𝑑𝑟𝑎𝑛𝑔𝑒 𝑡𝑒𝑚𝑝
) 

● The temperature changes linearly from tmin, to tavg, to tmax. 
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https://www1.eere.energy.gov/buildings/publications/pdfs/building_america/ba_climateguide_7_1.pdf
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https://www.cpidaylighting.com/wp-content/plugins/cpi-fav-manager/PDFMerger/files/IECC%20Climate%20Zones%20by%20State.pdf
https://www.cpidaylighting.com/wp-content/plugins/cpi-fav-manager/PDFMerger/files/IECC%20Climate%20Zones%20by%20State.pdf
https://www.pge.com/includes/docs/pdfs/about/edusafety/training/pec/toolbox/arch/climate/california_climate_zone_16.pdf
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Kirkwood, Ca* 

Latitude: 38.41 N 

Longitude: 120.05 W 

Elevation: 7,690 ft 

Weather Data Source: NOAA's National Centers for Environmental Information (NCEI) 

*Historical weather data was not available for the Kirkwood site specifically, so averages were used 

from the following four nearby sites: 

Station Name Station # 

Blue Lakes, Ca USS0019L05S 

Ebbetts Pass, Ca USS0019L19S 

Forestdale Creek, Ca USS0019L43S 

Carson Pass, Ca USS0019L45S 
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Appendix 6 - Kirkwood Site Soil & Ground Properties 
Ground-source heat pumps are generally more efficient than air-source heat pumps, but the 

performance of ground-source heat pump systems depend on local site conditions. Site factors can 

also affect the drilling-trenching methods and costs. 

To know more precisely how much more efficient a ground source heat pump could be at the 

selected properties requires an understanding of the physical and thermal properties of that 

ground. 

Classification systems are used to describe 

various chemical and physical properties of 

soils. In soil taxonomy, soil temperature 

regimes are based on mean annual soil 

temperatures, taken at a depth of 50 cm 

from the soil surface. 

Soils in the Kirkwood area are classified as 

cryic. The cryic soil temperature regime has 

mean annual soil temperatures of greater 

than 32 °F, but less than 46 °F, with a 

difference between mean summer and 

mean winter soil temperatures greater than 

41 °F  at 50 cm, and cold summer 

temperatures. 

The USDA’s Natural Resources Conservation Service coordinates a number of weather and climate 

data collection networks with stations across the U.S. Three sites were identified nearby to Kirkwood 

which are actively collecting soil temperature data; Echo Peak, Hagans Meadow, and Poison Flat. 

After comparing the three sites to Kirkwood, Poison Flat was selected as likely to be most 

representative of Kirkwood’s conditions on the basis of soil characteristics and temperature regime. 

 Kirkwood Poison Flat Hagans Meadow Echo Peak 

Map Unit Setting 

Map Unit 

Symbol 

102 131 7041 7501 

Map Unit 

Name 

Andic Cryumbrepts-

Lithic Cryumbrepts 

association, 15 to 50 

% slopes 

Sofgran-Temo-

Shalgran association 

Tahoe complex, 0 to 

2 % slopes 

Rock outcrop-

Rockbound complex, 

5 to 30 % 

slopes 

Major Land 

Resource 

Area 

22A - Sierra 

Nevada Mountains 

22A - Sierra 

Nevada 

Mountains 

22A - Sierra 

Nevada 

Mountains 

22A - Sierra 

Nevada 

Mountains 

Landscape Mountains Mountains Mountains Mountains 

Elevation (ft) 7,000 - 10,000 8,000 - 9,000 6,215 - 7,970 6,345 - 9,280 
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Precipitation 

(inches) 

55 - 65 30 - 45 23 - 51 37 - 65 

Air 

Temperature 

(F) 

36 - 46 36 - 39 41 - 46 40 - 45 

Frost-Free 

Period (days) 

90 - 100 30 - 60 20 - 60 50 - 110 

Soil Composition 

1 Andic cryumbrepts 

and similar soils: 60 

% 

Sofgran gravelly 

loamy coarse sand, 

15 to 50 percent 

Slopes - 40 % 

Tahoe silt loam—55 

% 

 

Rock outcrop, 

granitic—50 % 

2 Lithic cryumbrepts 

and similar soils: 25 

% 

Temo very gravelly 

loamy coarse sand, 

15 to 50 percent 

Slopes - 25 % 

Tahoe silt loam, 

wet—25 % 

Rockbound very 

gravelly loam—30 % 

 

3 Other - 15% Shalgran very 

bouldery coarse 

sand, dry, 15 to 50 

percent slopes - 20 

% 

Minor 

components—20 % 

Minor 

components—20 % 

4 N/A Other - 15% N/A N/A 

Sources: 

● Soil Survey of Toiyabe National Forest Area, California: 

https://www.nrcs.usda.gov/Internet/FSE_MANUSCRIPTS/california/CA729/0/ToiyabeNF.pdf 

● Soil Survey of the Tahoe Basin Area, California and Nevada: 

https://www.nrcs.usda.gov/Internet/FSE_MANUSCRIPTS/california/CA693/0/Tahoe_CA.pdf 
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Station Inventory Map: 

https://www.nrcs.usda.gov/wps/portal/wcc/ho

me/snowClimateMonitoring/soilClimateConditi

ons/ 

 
STATSGO Derived Soil Temperature in 11 Western 

States in USA: 

https://www.sciencebase.gov/catalog/item/537f6b95

e4b021317a870aa2 

The figures below show a summary of 2018 data from the Poison Flat site. Expected features of the 

site, based on Web Soil Survey data, include the following: 

● Depth to Soil Restrictive Layer (i.e. thickness of soil layer): Paralithic bedrock = greater than 

90 centimeters or about 3 feet. 

● Depth to Water Table = greater than 170 centimeters or about 5.6 feet. 

The composition, density, porosity, and moisture content or water saturation of the soil affect the 

soil’s thermal conductivity and thermal diffusivity which in turn affect the heat exchange 

performance. 

Ground temperature data was available only up to a 20 inch depth, but estimates were made for 

ground temperatures at 35 inch depth based on readings at 2 inches, 8 inches, and 20 inches. No 

temperature estimates were made beyond a 35 inch depth because the ground is bedrock at these 

depths, which has different thermal properties than soil and is more complicated to model with the 

data available. 

Ground temperatures during the winter heating season (November - April) are very stable, staying in 

the low to mid 30s all day, anywhere from 2 to 35 inches underground. During the summer (May - 

October), daily average soil temperatures can rise up to the high 40s at a 35 inch depth, and to the 

mid-50s at a 2 inch depth.13 

 
13 Note that, according to AHRI testing standards, ground-source heat pumps are officially tested at 

ground temperatures between 32 - 45 degrees Fahrenheit. Unless otherwise stated, any published 

standardized ratings for ground source heat pumps are based on this ground temperature range. 

Ec Haga

Pois

Kirkw
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The stable winter soil temperatures are partly due to the winter snowpack which insulates and 

significantly dampens the diurnal range in soil temperature. During the summer, when the ground is 

fully exposed to ambient air and solar radiation, soil temperatures at a 2 inch depth (closer to the 

surface) can swing up to 12 degrees in a single day. 

At greater depths, not only reduced temperature fluctuations but also delayed fluctuations, or a 

temperature lag, can be expected. A ground loop set deep enough in the ground provides the 

benefit of utilizing lingering summer heat early in the fall/winter heating season. 
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Ground surface temperature assumed equal to air temperature. 

Data Source: https://wcc.sc.egov.usda.gov/nwcc/site?sitenum=697 

Considering the soil 

temperature profile 

and generalized criteria 

to the right, the 

selected properties 

appear to be at least 

moderately suitable for 

horizontal ground-

source heat pump 

installation and 

operation, with the 

limitation of a low 

depth to bedrock. 

 

Source: Soil Suitability for Closed-Loop Horizontal Residential 

Geothermal Heat Pumps, USDA Natural Resources Conservation Service 

A custom soil report containing more detailed information on the soil properties of the Kirkwood 

project site was ordered from the NRCS through their Web Soil Survey (WSS). That report is provided 

as an attachment to this report.14  

 
14 Note that the WSS has the capability to provide “interpretations” based on soil and site properties predicting how a soil will 

respond to specific land uses. Some NRCS documents indicate the availability of interpretations of soil suitability for 

geothermal heat pumps. However, our initial attempt failed to produce these for the Kirkwood site. 
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Appendix 7 - Commercially Available Heat Pumps & Rated Performance 
We sought to identify commercially available heat pumps that can operate in the Kirkwood 

environment and supply comparable heating to propane. The online product databases listed in the 

references section were used to identify products that might meet requirements. 

From these databases, capacity, efficiency, and performance data was collected on over 100 brands 

of heat pump products (with multiple models for each brand) and over 100 different air-source and 

ground/water-source heat pump types and system configurations. 

As shown in the figure below, there are many products on the market that meet or exceed general 

industry “cold-climate” performance standards - these standards range from a COP or UEF of 1.75 - 

3.75 at a temperature lift of 60 - 75 degrees fahrenheit. 

A comparison of COP (or UEF) values shows that COPs range from 1.4 to 7.0, depending on the heat 

pump type and operating conditions, though most heat pumps have a COP between 3.0 to 5.0 at an 

18 - 33 degree lift, and between 2.0 to 3.0 at a 60 - 75 degree lift. 

For some products, heating COP values were not included in the collected dataset. In these cases, to 

estimate a comparable COP value, the Region IV rated HSPF value was converted to a region-VI, 

Kirkwood-specific HSPF, then converted that adjusted HSPF value to a COP value at 32 degrees 

Fahrenheit. 

Technology Limitations and/or Market Gaps - Technology offerings in the US do lag some other 

countries where the market for heat pumps is more mature, and local contractors in some regions 

may not be well-trained and experienced in installing some types of heat pump systems. 

A full list of heat pump unit brands from our dataset is provided as an attachment with this report. 

Note that installed, real-world performance of heat pump units can differ significantly (can be better 

or worse) from the manufacturer specifications for efficiency. Performance and efficiency (and cost) 

differences between brands and models can also differ enough that they should not be viewed as 

interchangeable products. 
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Appendix 8 - Ground Loop Sizing - Estimates & Design Sheet 
Design is paramount for meeting performance expectations: 

● A common error in colder climates is to make the ground loop small and the heat pump 

large, which results in increased electrical use and decreased efficiency. 

● Poorly designed systems that result in thermal imbalance, where the soil cannot thermally 

recover, and low output temperature. 

 Ranges Averages 

 

Mountain 

Club 

Maximum 

Mountain 

Club 

Minimum 

Meadow 

Stone 

Maximum 

Meadow 

Stone 

Minimum 

Vail 

Maximum 

Vail 

Minimum 

Mountain 

Club 
Meadow 

Stone Vail 

Individual Heat Pump Units or Central Heat Pump 

Plant          

System Capacity (BTU/hr) 3,062,713 3,062,713 375,844 375,844 1,800,000 1,800,000 3,062,713 375,844 1,800,000 

System Capacity (tons) 255 255 31 31 150 150 255 31 150 

Horizontal Straight-Pipe U-Tube Loop          

Unit Land Area Required for Horizontal Ground Loop (ft2 

/ ton) 3,529 375 3,529 375 3,529 375 885 885 885 

Total Land Area Required for Horizontal Loop (ft2) 900,798 95,710 110,542 11,745 529,412 56,250 225,986 27,732 132,815 

Depth of Horizontal Ground Loop (ft) 

For horizontal loops, this cannot be deeper than 

bedrock. 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92 

Vertical Loop          

Unit Land Area Required for Vertical Ground Loop (ft2 / 

ton) 417 200 417 200 417 200 339 339 339 

Total Land Area Required for Vertical Loop Field (ft2) 106,344 51,045 13,050 6,264 62,500 30,000 86,493 10,614 50,833 

Effective unit depth of combined vertical ground loop 

field (ft/ton) 882 1 882 1 882 1 307 307 307 

Effective depth of combined vertical loop field (ft) 225,199 298 27,636 37 132,353 175 78,426 9,624 46,092 

Max depth of a single borehole or well for vertical loops 

(ft) 500 100 500 100 500 100 300 300 300 

Minimum # of Boreholes or Wells in Loop Field (for 

vertical loops) 450 3.0 55 0.4 265 1.8 261 32 154 

Land Area per Single Borehole or Well (ft2) 236 17,143 236 17,143 236 17,143 331 331 331 

Range of Upfront Capital Cost Estimates for 

Underground Loop 

($, CA 2019, Equipment Purchase + Installation Labor)          

Horizontal Straight-Pipe U-Tube Loop (n=6) $1,169,763 $425,219 $143,549 $52,181 $687,486 $249,907 $969,907 $119,023 $570,028 

Vertical Loop (n=2) $42,381,299 $56,037 $5,200,865 $6,877 $24,908,093 $32,934 $14,759,393 $1,811,214 $8,674,305 
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Each borehole or well also requires a land area 

of at least three to four square feet. 
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Appendix 9 - Heat Pump Retrofit Upfront Capital Cost Estimates 

Discussion 
The cost estimates provided in this section are illustrative for general comparison between 

technology types, but project specific factors can multiply retrofit costs in unpredictable ways. 

Drilling costs are highly variable and depend on multiple local factors, including: 

● demand for heat pumps, 

● competition among contractors, 

● relative labor costs, 

● type or orientation of underground heating loop, and 

● site soil and ground properties - Site conditions determine the necessary drilling/trenching 

methods and techniques, which can greatly affect the associated costs. 

For example, air, water, drilling mud, and steel casing are four techniques used for drilling in the 

Anchorage area. Air is the least expensive, followed by water, and then drilling mud. If air, water, or 

drilling mud is unable to keep a borehole open, then the most expensive method, steel casing, must 

be used. (Alaska Center for Energy and Power and Cold Climate Housing Research Center, 2011) 

Increased electric demand may also require infrastructure upgrades (transformers, etc.). Electrical 

upgrades are a highly variable cost. It is unclear how extensive the required electrical upgrades may 

be for specific buildings and heat pump systems. Upgrades could be as simple as connecting to the 

nearest panel, but could involve upgrading the main building transformer and service to the entire 

building. The costs presented in this report are a rough order of magnitude. 

Data from the Bureau of Labor Statistics were used to adjust collected cost estimates for inflation 

over time and differing labor rates for heat pump installers across the U.S. Labor costs are roughly 

estimated to make up 50% of the retrofit project costs, unless specific labor cost estimates were 

provided. 

General Industry Ranges 

Underground Heating Loops 
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Whole Heat Pump System Retrofit 
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Estimates for Kirkwood Resort Properties 
Underground Heating Loops Whole Heat Pump System Retrofit 

 

 

 

 

76



  68 
 

 

 

 

Itemized Cost Breakdown 
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Appendix 10 - Utility Energy Usage Rate Comparisons 
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Appendix 11 - Financial Analysis 

   

   

   

 

System Rate 

Annual Energy Expense 

Savings ($/year) 

 

Positive value indicates savings, 

while negative is a loss. 

Maximum 

Allowable 

Capital 

Cost to 

Break 

Even 

Maximum 

Payback 

Period 

(yrs) 

Expected Capital Cost 

Range 
Is it 

potentially 

financially 

viable? Minimum Maximum 

Mountain 

Club        

Air-Source 

20% Discount -$52,565 Not Viable Not Viable $25,000 $200,000 Not Viable 

32% Discount $2,019 $30,044 15 $25,000 $200,000 Yes 

36% Discount $22,562 $335,663 15 $25,000 $200,000 Yes 

Horizontal 

Ground-Source 

20% Discount -$45,513 Not Viable Not Viable $240,000 $480,000 Not Viable 

32% Discount $10,925 $214,137 20 $240,000 $480,000 Not Viable 

36% Discount $32,165 $630,449 20 $240,000 $480,000 Yes 

Vertical 

Ground-Source 

20% Discount TBD TBD TBD $750,000 $3,000,000 TBD 

32% Discount TBD TBD TBD $750,000 $3,000,000 TBD 

36% Discount TBD TBD TBD $750,000 $3,000,000 TBD 

Meadow 

Stone        

Air-Source 20% Discount -$2,375 Not Viable Not Viable $20,000 $45,000 Not Viable 
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32% Discount $3,213 $47,796 15 $20,000 $45,000 Yes 

36% Discount $5,316 $79,083 15 $20,000 $45,000 Yes 

Horizontal 

Ground-Source 

20% Discount -$755 Not Viable Not Viable $85,000 $200,000 Not Viable 

32% Discount $4,845 $94,973 20 $85,000 $200,000 Yes 

36% Discount $6,953 $136,284 20 $85,000 $200,000 Yes 

Vertical 

Ground-Source 

20% Discount TBD TBD TBD $250,000 $420,000 TBD 

32% Discount TBD TBD TBD $250,000 $420,000 TBD 

36% Discount TBD TBD TBD $250,000 $420,000 TBD 

Vail        

Air-Source 

20% Discount $12,055 $179,348 15 $150,000 $200,000 Yes 

32% Discount $24,049 $357,788 15 $150,000 $200,000 Yes 

36% Discount $28,563 $424,942 15 $150,000 $200,000 Yes 

Horizontal 

Ground-Source 

20% Discount $13,421 $263,056 20 $550,000 $1,197,059 Not Viable 

32% Discount $25,065 $491,290 20 $550,000 $1,197,059 Not Viable 

36% Discount $29,447 $577,183 20 $550,000 $1,197,059 Yes 

Vertical 

Ground-Source 

20% Discount TBD TBD TBD $845,238 $2,000,000 TBD 

32% Discount TBD TBD TBD $845,238 $2,000,000 TBD 

36% Discount TBD TBD TBD $845,238 $2,000,000 TBD 
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DISCLAIMER: 
This publication is provided for general information only and is not offered or intended as legal advice. Readers should 

seek the advice of an attorney when confronted with legal issues and attorneys should perform an independent 
evaluation of the issues raised in these materials. 

 
 

COPYRIGHT: 
Copyright © 2018 by the California Special Districts Association (CSDA), Sacramento, California 

All rights reserved. This publication, or parts thereof, may not be reproduced in any form without CSDA’s permission 
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Since 1972, state law made it possible for Local Agency Formation Commissions (LAFCOs) to 
expand their memberships by adding two representatives of independent special districts. 
Today, just over half of all LAFCOs have commissioners representing special districts. LAFCO 
commissioners are appointed as follows: 

 

• Two County Supervisors: Each county’s board of supervisors appoints two of its 
members to serve on LAFCO. The county supervisors also select a third supervisor as 
an alternate. 

• Two City Councilmembers: In counties with two or more cities, there is a “city selection 
committee” composed of the cities’ mayors. The city selection committee appoints two 
elected city officials (city council members or mayors) and one alternate to serve on 
LAFCO. 

• Two Special District Board Members: In 30 counties, the LAFCOs also have special 
district members. An “independent special district selection committee” composed of 
the presiding officers of each independent district appoints two district board members 
and one alternate to serve on LAFCO. 

• One Public Member: The six (or four) appointed LAFCO commissioners choose the 
seventh (or fifth) commissioner, a public member, and one alternate. Professors, civic 
activists, and former elected officials often serve as public members on LAFCOs. 

 
Who Generally Pays for LAFCO Operations? 
Originally, state law required the county governments to pay for LAFCOs. With the passage of 
AB 2838 (Hertzberg, 2000), the Legislature required cities and independent special districts to 
share the counties’ fiscal burden. Each sector (county, city, district) typically pays one-third of a 
LAFCO’s budget. Where there is no independent special district representation on the LAFCO, 
the county and cities split the funding responsibility. Statutory formulas allocate the cities’ 
default share among the cities and the independent special districts’ share among the districts 
based on each agency’s annual revenue. However, local officials can negotiate alternative 
formulas. 

 
State law allows a LAFCO to charge fees to recover its costs of reviewing boundary changes 
and other actions. Most LAFCOs require the proponents to pay these fees when they apply for 
the boundary change, regardless of whether the applicants are voters, property owners, or local 
agencies. 

 
Do Special Districts, Cities, and Counties Always Need to Split Costs Equally? 
No. Some LAFCOs have special membership formulas. Three counties, Alpine, Mariposa, and 
Trinity have no incorporated cities, so their LAFCOs consist of three county supervisors and two 
public members. The three supervisors appoint the other two commissioners and one alternate. 

 
Some counties, such as Sierra County, have only one incorporated city. Their LAFCOs have 
two county supervisors, one city council member, and two public members. The three elected 
officials appoint the two members of the public and one alternate. 
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For reasons relating to local politics, geography, and population, some LAFCOs have unique 
membership/funding formulas. For example, in Butte County, special districts collectively pay 10 
percent of the LAFCO budget, in Sonoma County they pay 20 percent of the budget, and in San Diego 
County they pay two-sevenths.   
 
In Santa Clara County, LAFCO splits costs between the cities, county, and special districts 
evenly. However, the special district portion is divided based upon an alternative formula. Santa 
Clara Valley Water District pays 50 percent of the special district share and is guaranteed one of 
the two special district seats on the LAFCO. The remaining districts split the other 50 percent of 
the special district share based upon budget size and elect the second district representative. 

 
For a detailed breakdown of each LAFCO’s representation and funding formulas, please see the 
attached document. 

 
What are the Benefits of Representation? 
LAFCOs impact special district governance and operations whether special districts have 
representation on LAFCO or not. When determining whether to acquire representation on LAFCO, 
special districts may consider the following: 
 

• LAFCO is one of the very few regional forums where special districts can sit as equals in 
decision making with their peers from cities and the county. 

• Districts have a direct voice in policy development and decisions governing boundary 
changes, consolidations, annexations, formations, dissolutions, service extensions, power 
activation, and other actions of the LAFCO. 

• Districts participate in the preparation and approval and Spheres of Influence and Municipal 
Service Reviews, which are typically conducted on all special districts every five years. 

• Districts’ perspective and expertise are included in a commission that has oversight over the 
very existence and growth of special districts. 

• Demonstrating that special districts can take responsibility at the local-level and collaborate 
effectively with their local government peers through LAFCO fortifies the reputation of 
districts and protects against, forced consolidations and other mandates from the State. 

 
Are There Any Additional Considerations? 
The process to be seated on LAFCO is specified in Government Code §§ 56332 and 56332.5. 
 
Formerly, the process to be seated on LAFCO required that independent special districts within the 
county must initiate the process through a resolution. There was a one-year period for a majority of 
the independent special districts in the county to adopt the resolution. If a majority of district boards 
approved the resolution, the LAFCO would have convened an independent special district 
selection committee to select the two voting commissioners and one alternate. 
 
However, CSDA and CALAFCO co-sponsored legislation, AB 979 (Lackey) of 2017 simplified this 
bureaucratic process by allowing special districts to simply vote on LAFCO representation using an 
existing statutory process (Government Code § 56332). 
 
Now, special districts can participate on LAFCO simply by a vote of a quorum of what’s called the 
“independent special districts selection committee”. If special districts in a county do not yet have 
representation on LAFCO, then this committee has likely never convened. It consists of the 
presiding officer (board president or chair) of each independent special district in the county. If a  
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special district’s presiding officer is unable to participate, the district may appoint an alternate 
representative from its board.  
 
A vote to determine special district representation on LAFCO is conducted by the LAFCO 
executive officer at an in-person meeting or by mail-ballot. Such a vote can be called by  
one of two methods: 
 

1. Upon written request to the LAFCO executive officer by one or more members of the 
above-referenced independent special districts selection committee representing 10 percent 
or more of the assessed value of taxable property within the county, as shown on the last 
equalized county assessment roll; or 

2. Upon adoption of a resolution by the LAFCO proposing representation of special districts 
upon the commission. 

 
Importantly, a vote on LAFCO representation is also an opportunity to appoint the special district 
representative for the Countywide Redevelopment Agency Oversight Board. The first such 
appointment must occur prior to July 15, 2018. Should the post remain unfilled by July 15th, the 
Governor may appoint any individual to that position. (Health and Safety Code § 34179)   
   
Where Should We Start? 
If you are interested in learning more about special district representation on LAFCO, you should 
start by reaching out to the Executive Officer of your county’s LAFCO. You can find a 
roster for all 58 LAFCOs at www.calafco.org. You can also speak with your local CSDA public 
affairs field coordinator who can connect you with other special district leaders in your county who 
may be interested in working with you. Find your public affairs field coordinator at www.csda.net. 
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LAFCos with 
Special District 
representation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Govern with your peers – Claim your seat on LAFCo 
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APPORTIONMENT OF LAFCO NET OPERATING EXPENSES BETWEEN GENERAL MEMBERSHIP CLASSES AND 
BETWEEN AGENCIES WITHIN EACH MEMBERSHIP CLASS1

 

 

 
 County Cities2

 Districts3
 Govt. Code § 

County, City & Special District 
Representation [Alameda, Calaveras, 
Contra Costa, El Dorado, Humboldt, Lake, 
Mendocino, Nevada, Placer, Riverside, 
San Luis Obispo, San Mateo, Santa Cruz, 
Santa Barbara, Shasta, Sutter, Ventura] 

Except the Following: 

 
 
 
 

33⅓% 

 

 

33⅓% 
Individual apportionments in 
proportion to each city’s total 

revenues 

 
33⅓% 

Individual 
apportionments in 
proportion to each 

district’s total revenues 

 
 
 
 

56381(b)(1)(A) 

Butte 45% 45% 10% 56381(b)(4) 
 
 

Kern 

 

 
 

33⅓% 

 

 
 

33⅓% 

33⅓% 
Individual 

apportionments in 
proportion to operating 

revenues 

56381(b)(1) 
(C),(E) 

 

Los Angeles 
 

38.462% 
Los Angeles: 15.385% 

All Others: 23.077% 

 

23.077% 
56326; 56381; 

56381.6 

Mono 50% Mammoth Lakes: 50% 0 56381(b)(4) 

 
Monterey 

 
33⅓% 

 
33⅓% 

33⅓% 
Hospital District: 25% 

All Others: 75% 

 

56381(b)(1) 
(C)-(F) 

 
 

Orange 

 
 

33⅓% 

33⅓% 
Individual apportionments 

based on population and area 
in sq. miles 

33⅓% 
Individual 

apportionments based 
on alternative formula 

 
56381(b)(1) 

(B),(C) 

 

 
 

San Diego 

 

 
 

2/7 

San Diego: 1/7 
All Others: 2/7 

Individual apportionments in 
proportion to general 

revenues 

 

 
 

2/7 

 
 

56328; 56381; 
56381.6 

Sonoma 40 % 40% 20% 56381(b)(4) 
 

San Bernardino 
 

33⅓% 
 

33⅓% 
 
 

 

33⅓% 
See Note #4 

56381(b)(1) 
(C)-(F) 
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 County Cities2
 Districts3

 Govt. Code § 
 

 
 
 
 

Sacramento 

 

 
 
 
 

33⅓% 

 
 

 
33⅓% 

Sacramento: 50% 
All Others 50% 

33⅓% 
SMUD: 50% 

All Others: 50% 
Individual 

apportionments 
except SMUD based 
on five yr. average of 

total revenues 

 
 
 
 
56326.5; 56381; 

56381.6 

 

Santa Clara 
 

33⅓% 
San Jose: 16.7% 
All Others: 16.7% 

 

33⅓% 
Santa Clara 
Valley Water 
District pays 

largest portion 

56327; 56381; 
56381.6 

County & City Representation (No 
Districts) [Amador, Del Norte, Glenn, 
Lassen, Madera, Merced, Modoc, 
Plumas, Stanislaus, Sierra, Yuba] 
Except the Following: 

 

 

50% 

 
50% 

Individual apportionments in 
proportion to total revenues 

 

 
 

- 

 

 
 

56381(b)(2) 

 

Colusa 
Based on % population of the cities 

and unincorporated area 

 

- 
 

56381(b)(4)  

 
 

Kings 

 

 
 

50% 

50% 
Individual 

apportionments in 
proportion to population 

 

 
 

- 

 
 

56381(b)(1)(B), 
(2) 

 
 
 
 

Napa 

 
 
 
 

50% 

50% 
Individual apportionments in 

proportion to population 
(60%) and general tax 

revenues (40%) 

 
 
 
 

- 

 
 

 
56381(b)(1)(B), 

(2) 

 

 
 

San Joaquin 

 

 
 

50% 

50% 
Individual 

apportionments in 
proportion to population 

 

 
 

- 

 
 

56381(b)(1)(B), 
(2) 
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 County Cities2
 Districts3

 Govt. Code § 
 

 
 

Solano 

 

 
 

50% 

50% 
Individual 

apportionments in 
proportion to general 

revenues 

 

 
 

- 

 
 

56381(b)(1)(B), 
(2) 

 

Tulare 
Based on % population of the cities and 

unincorporated area 

 

- 
 

56381(b)(4) 

 
 

 
Tuolumne 

Apportionments for the County and the 
(one) city based on the Local 

Transportation Fund per capita 
percentage. The City of Sonora currently 

pays 8.1% and the County pays the 
balance. 

 
 

 
- 

 
 

 
56381(b)(4) 

 

 
 

Yolo 

 

 
 

50% 

50% 
Individual 

apportionments in 
proportion to general 

revenues 

 

 
 

- 

 
 

56381(b)(1)(B), 
(2) 

 
County & Special District 
Representation (No Cities) 
[Trinity] 

 

 
 

50% 

 

 
 

- 

50% 
Individual 

apportionments in 
proportion to total 

revenues 

 

 
 

56381(b)(3) 

County Representation Only (No 
Special Districts or Cities) 
[Alpine] 

 
100% 

 
- 

 
- 

 
56381(b)(3) 

San Francisco 100% County/City - 56381(b)(4) 
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1 Table does not include information for the following counties: Fresno, Imperial, Inyo, Marin, Mariposa, San 

Benito, Siskiyou and Tehama. 
2 Except for the alternative methods (exceptions) noted in the table, the cities’ share is apportioned in proportion 

to each city’s total revenues, as reported in the most recent edition of the Cities Annual Report published by the 
Controller, as a percentage of the combined city revenues within a county pursuant to Section 56381(b)(1)(B) of 
the Govt. Code. 

3 Except for the alternative methods (exceptions) noted in the table, the independent special districts’ share is 
apportioned in proportion to each district’s total revenues, as reported in the most recent edition of the Special Districts 
Annual Report published by the Controller, as a percentage of the combined total district revenues within a county 
pursuant to Section 56381(b)(1)(C) and (E) of the Govt. Code. 

4 San Bernardino County special districts alternative funding formula (Adopted by Special District Vote July 2002; 
Amended by Special District Vote March 2, 2010): 

1. Healthcare (Hospital) Districts shall be limited to payment of $1,500 regardless of Total Revenue. 
2. Those districts with Total Revenue of more than $50,000,000 shall pay $30,000. 
3. Those districts with Total Revenue between $20,000,000 and $50,000,000 shall pay $20,000. 
4. Those districts with Total Revenue between $5,000,000 and $20,000,000 shall pay $10,000. 
5. Those districts with Total Revenue between $2,000,000 and $5,000,000 shall contribute an amount not to 

exceed $5,000. 
6. Those districts with Total Revenue of less than $2,000,000 shall be apportioned an amount to be determined by 

the ratio of each district's Total Revenue as compared to the Total Revenues whose share does not exceed 
$5,000 
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GOVERNMENT CODE – (GOV) 
CHAPTER 2. Formation of Commission and Selection of Commissioners [56325 - 56337] 
(Chapter 2 added by Stats. 1985, Ch. 541, Sec. 3.) 

 
56325. 
There is hereby continued in existence in each county a local agency formation commission. Except as 
otherwise provided in this chapter, the commission shall consist of members appointed as follows: 
(a) Two appointed by the board of supervisors from their own membership. The board of supervisors shall 
appoint a third supervisor who shall be an alternate member of the commission. The alternate member 
may serve and vote in place of any supervisor on the commission who is absent or who disqualifies 
himself or herself from participating in a meeting of the commission. 
If the office of a regular county member becomes vacant, the alternate member may serve and vote in 
place of the former regular county member until the appointment and qualification of a regular county 
member to fill the vacancy. 
(b) Two appointed by the cities in the county, each of whom shall be a mayor or council member, 
appointed by the city selection committee. The city selection committee shall also appoint one alternate 
member who shall also be a mayor or council member and shall be appointed and serve pursuant to 
Section 56335. The city selection committee is encouraged to appoint members to fairly represent the 
diversity of the cities in the county, with respect to population and geography. 
(c) Two presiding officers or members of legislative bodies of independent special districts appointed by 
the independent special district selection committee pursuant to Section 56332. The independent special 
district selection committee shall also appoint a presiding officer or member of the legislative body of an 
independent special district as an alternate member who shall be appointed and serve pursuant to 
Section 56332. The independent special district selection committee is encouraged to make 
appointments that fairly represent the diversity of the independent special districts in the county, with 
respect to population and geography. 
(d) One representing the general public appointed by the other members of the commission. The other 
members of the commission may also appoint one alternate member who shall serve pursuant to Section 
56331. Appointment of the public member and alternate public member shall be subject to the affirmative 
vote of at least one of the members appointed by each of the other appointing authorities. Whenever a 
vacancy occurs in the public member or alternate public member position, the commission shall cause a 
notice of vacancy to be posted as provided in Section 56158. A copy of this notice shall be sent to the 
clerk or secretary of the legislative body of each local agency within the county. Final appointment to fill 
the vacancy may not be made for at least 21 days after the posting of the notice. 
(Amended by Stats. 2015, Ch. 114, Sec. 2. Effective January 1, 2016.) 

 
56325.1. 
While serving on the commission, all commission members shall exercise their independent judgment on 
behalf of the interests of residents, property owners, and the public as a whole in furthering the purposes 
of this division. Any member appointed on behalf of local governments shall represent the interests of the 
public as a whole and not solely the interests of the appointing authority. This section does not require the 
abstention of any member on any matter, nor does it create a right of action in any person. 
(Added by Stats. 2000, Ch. 761, Sec. 57. Effective January 1, 2001.) 

 
56326. 
In Los Angeles County, the commission shall consist of nine members, appointed as follows: 
(a) Two appointed by the board of supervisors from its own membership. The board of supervisors shall 
also appoint a third supervisor who shall be an alternate member of the commission. The alternate 
member may serve and vote in place of any supervisor on the commission who is absent or who 
disqualifies himself or herself from participating in a meeting of the commission. 
If the office of the regular county member becomes vacant, the alternate member may serve and vote in 
place of the former regular county member until the appointment and qualification of a regular county 
member to fill the vacancy. 
(b) One appointed by the board of supervisors, who shall not be a member of the board of supervisors but 
who shall be a resident of the San Fernando Valley Statistical Area, as defined in subdivision (c) of 
Section 11093. The board of supervisors shall also appoint an alternate member who shall not be a 
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member of the board of supervisors but who is a resident of the San Fernando Valley Statistical Area. 
The alternate member may serve and vote in place of the member appointed pursuant to this subdivision 
if that member is absent or disqualifies himself or herself from participating in a meeting of the 
commission. 
If the office of the regular member becomes vacant, the alternate member may serve and vote in place of 
the former regular member until the appointment and qualification of a regular member to fill the vacancy. 
(c) Two appointed by the cities in the county, each of whom shall be a mayor or council member, 
appointed by the city selection committee. The city selection committee shall also appoint one alternate 
member who shall also be a mayor or council member and shall be appointed and serve pursuant to 
Section 56335. The city selection committee is encouraged to appoint members to fairly represent the 
diversity of the cities in the county, with respect to population and geography. 
(d) One appointed by the presiding officer of the legislative body of a city in the county having a 
population in excess of 30 percent of the total population of the county who is a member of the legislative 
body of the city. The presiding officer of the legislative body shall also appoint an alternate member who 

is a member of the legislative body. The alternate member may serve and vote in place of the member 
appointed pursuant to this subdivision if the member is absent or disqualifies himself or herself from 
participating in a meeting of the commission. 
If the office of the regular member becomes vacant, the alternate member may serve and vote in place of 
the former regular member until the appointment and qualification of a regular member to fill the vacancy. 
(e) Two presiding officers or members of legislative bodies of independent special districts appointed by 
the independent special district selection committee pursuant to Section 56332. The independent special 
district selection committee shall also appoint one alternate member who shall be a presiding officer or 
member of the legislative body of an independent special district and shall be appointed and serve 
pursuant to Section 56332. The independent special district selection committee is encouraged to appoint 
members to fairly represent the diversity of the independent special districts in the county, with respect to 
population and geography. 
(f) One representing the general public appointed by the other members of the commission. The other 
members of the commission may also appoint one alternate member who shall serve pursuant to Section 
56331. 
(Amended by Stats. 2015, Ch. 114, Sec. 3. Effective January 1, 2016.) 

 
56326.5. 
In Sacramento County, the commission shall consist of seven members, appointed as follows: 

(a) Two appointed by the board of supervisors from their own membership. The board of supervisors shall 
appoint a third supervisor who shall serve as an alternate member of the commission. The alternate 
member may serve and vote in place of any supervisor on the commission who is absent or who 
disqualifies himself or herself from participating in a meeting of the commission. If the office of the regular 
county member becomes vacant, the alternate member may serve and vote in place of the former regular 
county member until the appointment and qualification of a regular county member to fill the vacancy. 
(b) One appointed by the City of Sacramento who is a member of the city council, appointed by the mayor 
and confirmed by the city council. The mayor shall also appoint, subject to confirmation by the council, an 
alternate member who is a member of the city council. The alternate member may serve and vote in place 
of the regular city member if the city member is absent or disqualifies himself or herself from participating 
in a meeting of the commission. If the office of the regular city member becomes vacant, the alternate 
member may serve and vote in place of the former regular city member until the appointment and 
qualification of a regular city member to fill the vacancy. 
(c) One appointed by the cities in the county, who is a mayor or council member appointed by the city 
selection committee. The city selection committee shall also appoint one alternate member who shall also 
be a mayor or council member and shall be appointed and serve pursuant to Section 56335. The city 
selection committee is encouraged to appoint members to fairly represent the diversity of the cities in the 
county, with respect to population and geography. 
(d) Two presiding officers or members of legislative bodies of independent special districts appointed by 
the independent special district selection committee pursuant to Section 56332. The independent special 
district selection committee shall also appoint one alternate member who shall be a presiding officer or 
member of the legislative body of an independent special district and shall be appointed and serve 
pursuant to Section 56332. The independent special district selection committee is encouraged to appoint 
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members to fairly represent the diversity of the independent special districts in the county, with respect to 
population and geography. 
(e) One representing the general public, appointed by the other six members of the commission. The 
commission may also appoint an alternate public member who may serve and vote in the place of the 
regular public member if the regular public member is absent or disqualifies himself or herself from 
participating in a meeting of the commission. If the office of the regular public member becomes vacant, 
the alternate member may serve and vote in place of the former regular public member until the 
appointment and qualification of a regular public member to fill the vacancy. 
(Amended by Stats. 2015, Ch. 114, Sec. 4. Effective January 1, 2016.) 

 
56327. 
In Santa Clara County, the commission shall consist of five members, appointed as follows: 
(a) Two appointed by the board of supervisors from their own membership. The board of supervisors shall 
appoint a third supervisor who shall serve as an alternate member of the commission. The alternate 
member may serve and vote in place of any supervisor on the commission who is absent or who 
disqualifies himself or herself from participating in a meeting of the commission. If the office of the regular 
county member becomes vacant, the alternate member may serve and vote in place of the former regular 
county member until the appointment and qualification of a regular county member to fill the vacancy. 
(b) One appointed by the city in the county having the largest population, who is a member of the 
legislative body of the city, appointed by the city council. The city council shall also appoint an alternate 
member who is a member of the legislative body of the city. The alternate member may serve and vote in 
place of the regular city member if the city member is absent or disqualifies himself or herself from 
participating in a meeting of the commission. If the office of the regular city member becomes vacant, the 
alternate member may serve and vote in place of the former regular city member until the appointment 
and qualification of a regular city member to fill the vacancy. 
(c) One appointed by the cities in the county, who is a mayor or council member appointed by the city 
selection committee. The city selection committee shall also appoint one alternate member who shall also 
be a mayor or council member and shall be appointed and serve pursuant to Section 56335. The city 
selection committee is encouraged to appoint members to fairly represent the diversity of the cities in the 
county, with respect to population and geography. 
(d) One representing the general public, appointed by the other four, or, if the commission is enlarged 
pursuant to Section 56327.3, the other six, members of the commission. This member shall not be a 
resident of a city which is already represented on the commission. The commission may also appoint an 
alternate public member, who shall not be a resident of a city represented on the commission, and who 
may serve and vote in the place of the regular public member if the regular public member is absent or 
disqualifies himself or herself from participating in a meeting of the commission. If the office of the regular 
public member becomes vacant, the alternate member may serve and vote in place of the former regular 
public member until the appointment and qualification of a regular public member to fill the vacancy. 
(Amended by Stats. 2015, Ch. 114, Sec. 5. Effective January 1, 2016.) 

 
56327.3. 
In Santa Clara County, the commission shall be enlarged by two members if, pursuant to the provisions of 
Chapter 5 (commencing with Section 56821), the commission orders representation of special districts 
upon the commission. 
(Amended by Stats. 2015, Ch. 114, Sec. 6. Effective January 1, 2016.) 

 
56328. 
(a) In San Diego County, the commission, which consists of seven members, augmented pursuant to 
Section 56332, shall be additionally augmented by the appointment of an eighth member and that 
member shall, notwithstanding subdivision (b) of Section 56325, be a member of the legislative body of 
the city in the county having the largest population, appointed by the legislative body of that city. 
(b) The legislative body of the city shall appoint an alternate member at the same time and in the same 
manner as it appoints the regular member appointed pursuant to subdivision (a). If the regular city 
member is absent from a commission meeting, or disqualifies himself or herself from participating in a 
meeting, the alternate member may serve and vote in place of the regular city member for that meeting. If 
the office of the regular city member becomes vacant, the alternate member may serve and vote in place 
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of the former regular city member until the appointment and qualification of a regular city member to fill 
the vacancy. 
(Amended by Stats. 2000, Ch. 761, Sec. 61. Effective January 1, 2001.) 

 
56328.5. 
(a) In Kern County, the commission, which consists of seven members, augmented pursuant to Section 
56332, shall be additionally augmented by the appointment of an eighth member and a ninth member. 
(b) The eighth member shall, notwithstanding subdivision (b) of Section 56325, be a member of the 
legislative body of the city in the county having the largest population, appointed by the legislative body of 
that city. 
The legislative body of the city shall appoint an alternate member at the same time and in the same 
manner as it appoints the eighth regular member. If the regular city member is absent from a commission 
meeting, or disqualifies himself or herself from participating in a meeting, the alternate member may serve 
and vote in place of the regular city member for that meeting. If the office of the regular city member 
becomes vacant, the alternate member may serve and vote in place of the former regular city member 
until the appointment and qualification of a regular city member to fill the vacancy. 
(c) The ninth member shall represent the general public, but shall not be a member of the governing body 
of any local agency. The ninth member shall be appointed by the four members of the commission 
appointed by the county supervisors and the independent special district selection committee. Those 
commission members may also appoint an alternate public member, who is not a member of the 
governing body of any local agency, who may serve and vote in the place of the regular public member 
appointed pursuant to this subdivision if that regular public member is absent or disqualifies himself or 
herself from participating in a meeting of the commission. If the office of the regular public member 
appointed pursuant to this subdivision becomes vacant, the alternate member may serve and vote in 
place of that former regular public member until the appointment and qualification of a regular public 
member pursuant to this subdivision to fill the vacancy. 
(Added by Stats. 2005, Ch. 559, Sec. 1. Effective January 1, 2006.) 

 
56329. 
If there is no city in the county, the commission shall consist of five members, appointed as follows which 
may be further augmented pursuant to Sections 56332 and 56332.5: 
(a) Three appointed by the board of supervisors from their own membership. The board of supervisors 
shall appoint a fourth supervisor who is an alternate member of the commission. The alternate member 
may serve and vote in place of any supervisor on the commission who is absent or who disqualifies 
himself or herself from participating in a meeting of the commission. 
If the office of a regular county member becomes vacant, the alternate member may serve and vote in 
place of the former regular county member until the appointment and qualification of a regular county 
member to fill the vacancy. 
(b) Two representing the general public appointed by the other three members of the commission. 
Appointment of the public member and alternate public member shall be subject to the affirmative vote of 
at least one of the members selected by each of the other appointing authorities. 
(Amended by Stats. 2015, Ch. 114, Sec. 7. Effective January 1, 2016.) 

 
56331. 
When appointing a public member pursuant to Sections 56325, 56326, 56326.5, 56327, 56328, 56328.5,   
and 56329, the commission may also appoint one alternate public member who may serve and vote in 
place of a regular public member who is absent or who disqualifies himself or herself from participating in a 
meeting of the commission. The public member and the alternate public member shall be residents of the 
county of the appointing commission. 
If the office of a regular public member becomes vacant, the alternate member may serve and vote in place 
of the former regular public member until the appointment and qualification of a regular public member to fill 
the vacancy. 
No person appointed as a public member or alternate public member pursuant to this chapter shall be an 
officer or employee of the county or any city or district with territory in the county, provided, however, that 
any officer or employee serving on January 1, 1994, may complete the term for which he or she was 
appointed. 
(Amended by Stats. 2016, Ch. 165, Sec. 3. (AB 2910) Effective January 1, 2017.) 
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56331.3. 
If two or more members are absent or disqualify themselves from participating in a meeting of the 
commission, any alternate member who is authorized to serve and vote in the place of a member shall 
only have one vote. 
(Added by Stats. 1987, Ch. 1327, Sec. 4.) 

 
56332.   
(a) The independent special district selection committee shall consist of the presiding officer of the 
legislative body of each independent special district. However, if the presiding officer of an independent 
special district is unable to participate in a meeting or election of the independent special district selection 
committee, the legislative body of the district may appoint one of its members as an alternate to participate 
in the selection committee in the presiding officer’s place. Those districts shall include districts located 
wholly within the county and those containing territory within the county representing 50 percent or more of 
the assessed value of taxable property of the district, as shown on the last equalized county assessment 
roll. Each member of the committee shall be entitled to one vote for each independent special district of 
which he or she is the presiding officer or his or her alternate as designated by the governing body. 
Members representing a majority of the eligible districts shall constitute a quorum. 
(b) The executive officer shall call and give written notice of all meetings of the members of the selection 
committee. A meeting shall be called and held under one of the following circumstances: 
(1) Whenever the executive officer anticipates that a vacancy will occur within the next 90 days among the 
members or alternate member representing independent special districts on the commission. 
(2) Whenever a vacancy exists among the members or alternate member representing independent 
special districts upon the commission. 
(3) Upon receipt of a written request by one or more members of the selection committee representing 
districts having 10 percent or more of the assessed value of taxable property within the county, as shown 
on the last equalized county assessment roll. 
(4) Upon the adoption of a resolution of intention pursuant to Section 56332.5. 
(5) Upon receipt of a written request by one or more members of the selection committee notifying the 
executive officer of the need to appoint a member representing independent special districts on an 
oversight board pursuant to paragraph (3) of subdivision (j) of Section 34179 of the Health and Safety 
Code. 
(c) The selection committee shall appoint two regular members and one alternate member to the 
commission. The members so appointed shall be elected or appointed members of the legislative body of 
an independent special district residing within the county but shall not be members of the legislative body 
of a city or county. If one of the regular district members is absent from a commission meeting or 
disqualifies himself or herself from participating in a meeting, the alternate district member may serve and 
vote in place of the regular district member for that meeting. Service on the commission by a regular 
district member shall not disqualify, or be cause for disqualification of, the member from acting on 
proposals affecting the special district on whose legislative body the member serves. The special district 
selection committee may, at the time it appoints a member or alternate, provide that the member or 
alternate is disqualified from voting on proposals affecting the district on whose legislative body the 
member serves. 
(d) If the office of a regular district member becomes vacant, the alternate member may serve and vote in 
place of the former regular district member until the appointment and qualification of a regular district 
member to fill the vacancy. 
(e) A majority of the independent special district selection committee may determine to conduct the 
committee’s business by mail, including holding all elections by mailed ballot, pursuant to subdivision (f). 
(f) If the independent special district selection committee has determined to conduct the committee’s 
business by mail or if the executive officer determines that a meeting of the special district selection 
committee is not feasible, the executive officer shall conduct the business of the committee by mail. 
Elections by mail shall be conducted as provided in this subdivision. 
(1) The executive officer shall prepare and deliver a call for nominations to each eligible district. The 
presiding officer, or his or her alternate as designated by the governing body, may respond in writing by 
the date specified in the call for nominations, which date shall be at least 30 days from the date on which 
the executive officer mailed the call for nominations to the eligible district. 
(2) At the end of the nominating period, if only one candidate is nominated for a vacant seat, that candidate 
shall be deemed appointed. If two or more candidates are nominated, the executive officer shall prepare 
and deliver one ballot and voting instructions to each eligible district. The ballot shall include the names of 
all nominees and the office for which each was nominated. Each presiding officer, or his or her alternate as 
designated by the governing body, shall return the ballot to the executive officer by the date specified in 97
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the voting instructions, which date shall be at least 30 days from the date on which the executive officer 
mailed the ballot to the eligible district. 
(3) The call for nominations, ballots, and voting instructions shall be delivered by certified mail to each 
eligible district. As an alternative to the delivery by certified mail, the executive officer, with prior 
concurrence of the presiding officer or his or her alternate as designated by the governing body, may 
transmit materials by electronic mail. 
(4) If the executive officer has transmitted the call for nominations or ballots by electronic mail, the 
presiding officer, or his or her alternate as designated by the governing body, may respond to the 
executive officer by electronic mail. 
(5) Each returned nomination and ballot shall be signed by the presiding officer or his or her alternate as 
designated by the governing body of the eligible district. 
(6) For an election to be valid, at least a quorum of the special districts must submit valid ballots. The 
candidate receiving the most votes shall be elected, unless another procedure has been adopted by the 
selection committee. Any nomination and ballot received by the executive officer after the date specified is 
invalid, provided, however, that if a quorum of ballots is not received by that date, the executive officer 
shall extend the date to submit ballots by 60 days and notify all districts of the extension. The executive 
officer shall announce the results of the election within seven days of the date specified. 
(7) For a vote on special district representation to be valid, at least a quorum of the special districts must 
submit valid ballots. By majority vote of those district representatives voting on the issue, the selection 
committee shall either accept or deny representation. 
(8) All election materials shall be retained by the executive officer for a period of at least six months after 
the announcement of the election results. 
(g) For purposes of this section, “executive officer” means the executive officer or designee as authorized 
by the commission. 
(Amended by Stats. 2017, Ch. 203, Sec. 1. (AB 979) Effective January 1, 2018.) 

56332.5.   
(a) If the commission does not have representation from independent special districts on or before January 
1, 2001, the commission shall initiate proceedings for representation of independent special districts upon 
the commission if either of the following occur: 
(1) Upon receipt of a written request by one or more members of the selection committee representing 
districts having 10 percent or more of the assessed value of taxable property within the county, as shown 
on the last equalized county assessment roll. 
(2) Upon adoption of a resolution by the commission proposing representation of special districts upon the 
commission. 
(b) The commission, at its next regular meeting, shall adopt a resolution of intention. The resolution of 
intention shall state whether the proceedings are initiated by the commission or by an independent special 
district or districts, in which case, the names of those districts shall be set forth. The commission shall 
order the executive officer to call and give notice of a meeting of the independent special district selection 
committee to be held within 15 days after the adoption of the resolution in order to determine whether 
independent special districts shall accept representation on the commission and appoint independent 
special district representation pursuant to Section 56332. 
(Amended by Stats. 2017, Ch. 203, Sec. 2. (AB 979) Effective January 1, 2018.) 

56333.  
When a commission is enlarged to seven members as provided in Section 56332, the public members 
appointed pursuant to Sections 56325 and 56329 shall thereafter be appointed by members of the 
commission representing cities, counties, and special districts. Those appointments shall be made at the 
times and in the manner provided in Section 56334. 
(Amended by Stats. 2001, Ch. 388, Sec. 6. Effective January 1, 2002.) 

 
56334. 
The term of office of each member shall be four years and until the appointment and qualification of his or 
her successor. Upon enlargement of the commission by two members, as provided in Section 56332, the 
new members first appointed to represent independent special districts shall classify themselves by lot so 
that the expiration date of the term of office of one new member coincides with the existing member who 
holds the office represented by the original two-year term on the commission and the term of office of the 
other new member coincides with the existing member who holds the office represented by the original 
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four-year term on the commission. The body which originally appointed a member whose term has expired 
shall appoint his or her successor for a full term of four years. Any member may be removed at any time 
and without cause by the body appointing that member. The expiration date of the term of office of each 
member shall be the first Monday in May in the year in which the term of the member expires, unless 
procedures adopted by the commission specify an alternate date to apply uniformly to all members. 
However, the length of a term of office shall not be extended more than once. Any vacancy in the 
membership of the commission shall be filled for the unexpired term by appointment by the body which 
originally appointed the member whose office has become vacant. 
The chairperson of the commission shall be selected by the members of the commission. 

Commission members and alternates shall be reimbursed for the actual amount of their reasonable and 
necessary expenses incurred in attending meetings and in performing the duties of their office. The 
commission may authorize payment of a per diem to commission members and alternates for each day 
while they are in attendance at meetings of the commission. 
(Amended by Stats. 2002, Ch. 664, Sec. 121. Effective January 1, 2003.) 

 
56335. 
In each county containing two or more cities, regular and alternate city members to the commission shall 
be appointed by the city selection committee organized in the county pursuant to and in the manner 
provided in Article 11 (commencing with Section 50270) of Chapter 1 of Part 1 of Division 1. Regular 
members of the commission shall be appointed by the city selection committee pursuant to Sections 
56325, 56326, and 56327. 
The city selection committee shall appoint one alternate member to the commission in the same manner 
as it appoints a regular member. If one of the regular city members is absent from a commission meeting, 
or disqualifies himself or herself from participating in a meeting, the alternate member may serve and vote 
in place of that regular city member for that meeting. 
Except in the case of a member appointed pursuant to subdivision (d) of Section 56326 or subdivision (b) 
of Section 56327, a city selection committee, may, at the time it appoints a member or alternate, provide 
that the member or alternate is disqualified from voting on proposals affecting the city which the member 
or alternate represents. 
If the office of a regular city member becomes vacant, the alternate member may serve and vote in place 
of the former regular city member until the appointment and qualification of a regular city member to fill 
the vacancy. 
(Amended by Stats. 1986, Ch. 86, Sec. 2.) 

 
56336. 
Each commission may adopt regulations with respect to disqualification of members or alternates from 
participating in the review of a proposal. In the absence, however, of those regulations, Section 56332 or 
56335 shall apply. The representation by a member or alternate of a city or district shall not disqualify, or 
be cause for disqualification of, the member or alternate from acting on a proposal affecting the city or the 
district, and any regulation providing for the disqualification of a city or district representative for that 
reason is null and void. 
(Amended by Stats. 1986, Ch. 86, Sec. 3.) 

 
56337. 
A city, county, or district officer may serve as a member of the commission while holding office as a city, 
county, or district officer. If a member who is a city, county, or district officer ceases to be an officer of a 
city, county, or district during his or her term, his or her membership on the commission shall be 
considered vacant. 
(Amended by Stats. 2004, Ch. 355, Sec. 4.5. Effective January 1, 2005.) 
 
Health and Safety Code (HSC) 
CHAPTER 4. Oversight Boards [34179 - 34181] 
 (Chapter 4 added by Stats. 2011, 1st Ex. Sess., Ch. 5, Sec. 7.) 
 
34179. 
   
(a) Each successor agency shall have an oversight board composed of seven members. The members 
shall elect one of their members as the chairperson and shall report the name of the chairperson and 
other members to the Department of Finance on or before May 1, 2012. Members shall be selected as 
follows: 
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(1) One member appointed by the county board of supervisors. 
(2) One member appointed by the mayor for the city that formed the redevelopment agency. 
(3) (A) One member appointed by the largest special district, by property tax share, with territory in the 
territorial jurisdiction of the former redevelopment agency, which is of the type of special district that is 
eligible to receive property tax revenues pursuant to Section 34188. 
(B)  On or after the effective date of this subparagraph, the county auditor-controller may determine 
which is the largest special district for purposes of this section. 
(4) One member appointed by the county superintendent of education to represent schools if the 
superintendent is elected. If the county superintendent of education is appointed, then the appointment 
made pursuant to this paragraph shall be made by the county board of education. 
(5) One member appointed by the Chancellor of the California Community Colleges to represent 
community college districts in the county. 
(6) One member of the public appointed by the county board of supervisors. 
(7) One member representing the employees of the former redevelopment agency appointed by the 
mayor or chair of the board of supervisors, as the case may be, from the recognized employee 
organization representing the largest number of former redevelopment agency employees employed by 
the successor agency at that time. In the case where city or county employees performed administrative 
duties of the former redevelopment agency, the appointment shall be made from the recognized 
employee organization representing those employees. If a recognized employee organization does not 
exist for either the employees of the former redevelopment agency or the city or county employees 
performing administrative duties of the former redevelopment agency, the appointment shall be made 
from among the employees of the successor agency. In voting to approve a contract as an enforceable 
obligation, a member appointed pursuant to this paragraph shall not be deemed to be interested in the 
contract by virtue of being an employee of the successor agency or community for purposes of Section 
1090 of the Government Code. 
(8) If the county or a joint powers agency formed the redevelopment agency, then the largest city by 
acreage in the territorial jurisdiction of the former redevelopment agency may select one member. If 
there are no cities with territory in a project area of the redevelopment agency, the county 
superintendent of education may appoint an additional member to represent the public. 
(9) If there are no special districts of the type that are eligible to receive property tax pursuant to Section 
34188, within the territorial jurisdiction of the former redevelopment agency, then the county may 
appoint one member to represent the public. 
(10) If a redevelopment agency was formed by an entity that is both a charter city and a county, the 
oversight board shall be composed of seven members selected as follows: three members appointed by 
the mayor of the city, if that appointment is subject to confirmation by the county board of supervisors, 
one member appointed by the largest special district, by property tax share, with territory in the territorial 
jurisdiction of the former redevelopment agency, which is the type of special district that is eligible to 
receive property tax revenues pursuant to Section 34188, one member appointed by the county 
superintendent of education to represent schools, one member appointed by the Chancellor of the 
California Community Colleges to represent community college districts, and one member representing 
employees of the former redevelopment agency appointed by the mayor of the city if that appointment is 
subject to confirmation by the county board of supervisors, to represent the largest number of former 
redevelopment agency employees employed by the successor agency at that time. 
(11) Each appointing authority identified in this subdivision may, but is not required to, appoint alternate 
representatives to serve on the oversight board as may be necessary to attend any meeting of the 
oversight board in the event that the appointing authority’s primary representative is unable to attend 
any meeting for any reason. If an alternate representative attends any meeting in place of the primary 
representative, the alternate representative shall have the same participatory and voting rights as all 
other attending members of the oversight board. 
(b) The Governor may appoint individuals to fill any oversight board member position described in 
subdivision (a) that has not been filled by May 15, 2012, or any member position that remains vacant for 
more than 60 days. 
(c) The oversight board may direct the staff of the successor agency to perform work in furtherance of 
the oversight board’s and the successor agency’s duties and responsibilities under this part. The 
successor agency shall pay for all of the costs of meetings of the oversight board and may include such 
costs in its administrative budget. Oversight board members shall serve without compensation or 
reimbursement for expenses. 
(d) Oversight board members are protected by the immunities applicable to public entities and public 
employees governed by Part 1 (commencing with Section 810) and Part 2 (commencing with Section 
814) of Division 3.6 of Title 1 of the Government Code. 
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(e) A majority of the total membership of the oversight board shall constitute a quorum for the 
transaction of business. A majority vote of the total membership of the oversight board is required for 
the oversight board to take action. The oversight board shall be deemed to be a local entity for purposes 
of the Ralph M. Brown Act, the California Public Records Act, and the Political Reform Act of 1974. All 
actions taken by the oversight board shall be adopted by resolution. 
(f) All notices required by law for proposed oversight board actions shall also be posted on the 
successor agency’s Internet Web site or the oversight board’s Internet Web site. 
(g) Each member of an oversight board shall serve at the pleasure of the entity that appointed such 
member. 
(h) (1) The department may review an oversight board action taken pursuant to this part. Written notice 
and information about all actions taken by an oversight board shall be provided to the department as an 
approved resolution by electronic means and in a manner of the department’s choosing. Without 
abrogating the department’s authority to review all matters related to the Recognized Obligation 
Payment Schedule pursuant to Section 34177, oversight boards are not required to submit the following 
oversight board actions for department approval: 
(A) Meeting minutes and agendas. 
(B) Administrative budgets. 
(C) Changes in oversight board members, or the selection of an oversight board chair or vice chair. 
(D) Transfers of governmental property pursuant to an approved long-range property management plan. 
(E) Transfers of property to be retained by the sponsoring entity for future development pursuant to an 
approved long-range property management plan. 
(2) An oversight board action submitted in a manner specified by the department shall become effective 
five business days after submission, unless the department requests a review of the action. Each 
oversight board shall designate an official to whom the department may make those requests and who 
shall provide the department with the telephone number and e-mail contact information for the purpose 
of communicating with the department pursuant to this subdivision. Except as otherwise provided in this 
part, in the event that the department requests a review of a given oversight board action, it shall have 
40 days from the date of its request to approve the oversight board action or return it to the oversight 
board for reconsideration and the oversight board action shall not be effective until approved by the 
department. In the event that the department returns the oversight board action to the oversight board 
for reconsideration, the oversight board shall resubmit the modified action for department approval and 
the modified oversight board action shall not become effective until approved by the department. If the 
department reviews a Recognized Obligation Payment Schedule, the department may eliminate or 
modify any item on that schedule prior to its approval. The county auditor-controller shall reflect the 
actions of the department in determining the amount of property tax revenues to allocate to the 
successor agency. The department shall provide notice to the successor agency and the county auditor-
controller as to the reasons for its actions. To the extent that an oversight board continues to dispute a 
determination with the department, one or more future Recognized Obligation Payment Schedules may 
reflect any resolution of that dispute. The department may also agree to an amendment to a Recognized 
Obligation Payment Schedule to reflect a resolution of a disputed item; however, this shall not affect a 
past allocation of property tax or create a liability for any affected taxing entity. 
(i) Oversight boards shall have fiduciary responsibilities to holders of enforceable obligations and the 
taxing entities that benefit from distributions of property tax and other revenues pursuant to Section 
34188. Further, the provisions of Division 4 (commencing with Section 1000) of the Government Code 
shall apply to oversight boards. Notwithstanding Section 1099 of the Government Code, or any other 
law, any individual may simultaneously be appointed to up to five oversight boards and may hold an 
office in a city, county, city and county, special district, school district, or community college district. 
(j) Except as specified in subdivision (q), commencing on and after July 1, 2018, in each county where 
more than one oversight board was created by operation of the act adding this part, there shall be only 
one oversight board, which shall be staffed by the county auditor-controller, by another county entity 
selected by the county auditor-controller, or by a city within the county that the county auditor-controller 
may select after consulting with the department. Pursuant to Section 34183, the county auditor-
controller may recover directly from the Redevelopment Property Tax Trust Fund, and distribute to the 
appropriate city or county entity, reimbursement for all costs incurred by it or by the city or county 
pursuant to this subdivision, which shall include any associated startup costs. However, if only one 
successor agency exists within the county, the county auditor-controller may designate the successor 
agency to staff the oversight board. The oversight board is appointed as follows: 
(1) One member may be appointed by the county board of supervisors. 
(2) One member may be appointed by the city selection committee established pursuant to Section 
50270 of the Government Code. In a city and county, the mayor may appoint one member. 
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(3) One member may be appointed by the independent special district selection committee established 
pursuant to Section 56332 of the Government Code, for the types of special districts that are eligible to 
receive property tax revenues pursuant to Section 34188. 
(4) One member may be appointed by the county superintendent of education to represent schools if 
the superintendent is elected. If the county superintendent of education is appointed, then the 
appointment made pursuant to this paragraph shall be made by the county board of education. 
(5) One member may be appointed by the Chancellor of the California Community Colleges to represent 
community college districts in the county. 
(6) One member of the public may be appointed by the county board of supervisors. 
(7) One member may be appointed by the recognized employee organization representing the largest 
number of successor agency employees in the county. 
(k) The Governor may appoint individuals to fill any oversight board member position described in 
subdivision (j) that has not been filled by July 15, 2018, or any member position that remains vacant for 
more than 60 days. 
(l) Commencing on and after July 1, 2018, in each county where only one oversight board was created 
by operation of the act adding this part, then there will be no change to the composition of that oversight 
board as a result of the operation of subdivision (j). 
(m) Any oversight board for a given successor agency, with the exception of countywide oversight 
boards, shall cease to exist when the successor agency has been formally dissolved pursuant to 
Section 34187. A county oversight board shall cease to exist when all successor agencies subject to its 
oversight have been formally dissolved pursuant to Section 34187. 
(n) An oversight board may direct a successor agency to provide additional legal or financial advice than 
what was given by agency staff. 
(o) An oversight board is authorized to contract with the county or other public or private agencies for 
administrative support. 
(p) On matters within the purview of the oversight board, decisions made by the oversight board 
supersede those made by the successor agency or the staff of the successor agency. 
(q) (1) Commencing on and after July 1, 2018, in each county where more than 40 oversight boards 
were created by operation of the act adding this part, there shall be five oversight boards, which shall 
each be staffed in the same manner as specified in subdivision (j). The membership of each oversight 
board shall be as specified in paragraphs (1) through (7), inclusive, of subdivision (j). 
(2) The oversight boards shall be numbered one through five, and their respective jurisdictions shall 
encompass the territory located within the respective borders of the first through fifth county board of 
supervisors districts, as those borders existed on July 1, 2018. Except as specified in paragraph (3), 
each oversight board shall have jurisdiction over each successor agency located within its borders. 
(3) If a successor agency has territory located within more than one county board of supervisors’ district, 
the county board of supervisors shall, no later than July 15, 2018, determine which oversight board shall 
have jurisdiction over that successor agency. The county board of supervisors or their designee shall 
report this information to the successor agency and the department by the aforementioned date. 
(4) The successor agency to the former redevelopment agency created by a county where more than 40 
oversight boards were created by operation of the act adding this part, shall be under the jurisdiction of 
the oversight board with the fewest successor agencies under its jurisdiction. 
(Amended by Stats. 2015, Ch. 325, Sec. 11. (SB 107) Effective September 22, 2015.) 
 

102



GOVERNMENT CODE COST SHARE - SPECIAL DISTRICT LAFCO REPRESENTATION
Based on FY 2019-20

ALPINE COUNTY LAFCO OPERATIONAL COSTS

TOTAL FY 2019-20 BUDGET EXPENSES

EXPENSES COVERED BY 

LAFCO AGENCIES1 

SPECIAL DISTRICT 

COST SHARE

(1/2 Split)

County Budget 

(General Fund + 

Special Revenue 

Funds)  = 23.2 

Million

$2,800.00 $2,800.00 $1,400.00

SPECIAL DISTRICT COSTS

INDEPENDENT SPECIAL DISTRICT

TOTAL REVENUE2

per GC 53681(b)(1)(C) 

SCO Report - FY 2016-17

PROPORTION OF 

TOTAL REVENUE

ADJUSTED 

PROPORTION OF 

TOTAL REVENUE3

PROPORTIONAL 

DISTRICT COST 

1/2 SPLIT

Utilities Districts

Kirkwood Meadows PUD $10,631,481.00 92.69% 50.00% $700.00

Markleeville PUD $61,359.00 0.53% 3.66% $51.24

Water District

Bear Valley Water District $776,818.00 6.77% 46.34% $648.76

TOTAL SPECIAL DISTRICT REVENUE $11,469,658.00 $1,400.00

Notes

1   These are Alpine County LAFCO's budgeted expenses for the 2019-2020 fiscal year as outlined in the County budget document. The County currently covers this cost. 

2   This total revenue is calculated per Government Code 53681(b)(1)(C) based on the following revenues reported in the latest State Controllers Report: 

Enterprise Operating + Enterprise Non-Operating + Non-Enterprise Gen Purpose - Total Inter Governmental

3   Gov Code 56381(F) does not allow any district to pay more than 50% of costs without consent.  The share beyond 50% is proportionally split by the remaining districts.

NOTE:   A different cost share can be agreed to by a majority vote, but no District can be required to pay more than the above share or 50% without their consent.
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ALPINE COUNTY DISTRICT (KIRKWOOD, BEAR VALLEY, MARKLEEVILLE) 
DISTRICT 

 RESOLUTION NO. ____ 
 

SUPPORTING SPECIAL DISTRICT REPRESENTATION ON THE ALPINE COUNTY 
LOCAL AGENCY FORMATION COMMISSION (LAFCO) 

              

 

WHEREAS, Local Agency Formation Commissions (LAFCO) were established 
by state legislature in 1963 as regulatory agencies in each California county to ensure 
the orderly formation and development of local agencies, which is now provided for in 
the Cortese-Knox-Hertzberg Local Government Reorganization Act of 2000 (CA 
Government Code Section 56000 et seq.); and 

 
WHEREAS, among other regulatory powers, LAFCOs are responsible for 

approving, establishing, expanding, reorganizing and, in limited circumstances, 
dissolving cities and special districts within their respective counties; and 

 
WHEREAS, LAFCOs are required to be made of two county representatives, two 

city representatives and one public member; and 
 
WHEREAS, in 1972, state law made it possible for LAFCOs to expand their 

membership by adding two independent special district representatives, which can be 
achieved through a process set forth in CA Government Code Section 56332; and  

 
WHEREAS, Alpine County LAFCO currently does not have independent special 

district representation; and 
 
WHEREAS, since Alpine County LAFCO directly impacts operations, existence 

and growth of independent special districts within the County, including 
____________District (District), it is important for the District and other districts, that 
special districts gain representation on the Alpine County LAFCO; and 

 
WHEREAS, if special districts gain representation on the Alpine County LAFCO, 

they will be required to share a negotiated portion (up to one-half) of the total Alpine 
County LAFCO costs, which averaged about $2,800 per year over the last two years; 
and 

 
WHEREAS, the independent special districts in Alpine County held a conference 

call on July 16, 2019, to begin discussions regarding interest in gaining special district 
representation on Alpine County LAFCO and negotiation of potential costs; and 

 
WHEREAS, it is in the best interest of the District to support special district 

representation on Alpine County LAFCO, to collaborate with other independent special 
districts to complete the process of gaining special district representation, and to 
negotiate cost share with the County and other special districts; and 

 
NOW, THEREFORE, BE IT RESOLVED, by the District Board of Directors that: 
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1. The District formally supports independent special districts gaining representation on 
the Alpine County LAFCO; and 

2. The General Manager is authorized to represent the District by continuing 
discussions with other special districts and the County needed to gain special district 
representation on Alpine County LAFCO; and 

3. The General Manager is authorized to negotiate on behalf of the District to 
determine special districts’ share of LAFCO costs and the District’s share of LAFCO 
costs; and 

4. The Board President is authorized to vote on behalf of the District in favor of gaining 
special district representation on Alpine County LAFCO, should it be determined that 
the vote may occur by mail-in ballot or in person instead of by formal resolution. 

 
 

PASSED AND ADOPTED, by the Board of Directors of ____________ District 
on (DATE) by the following vote: 
 
 AYES: 
 NOES: 
 ABSENT: 
 ABSTAIN:  
       ATTEST: 
 
____________________________   ____________________________  
Name, Board President     Name, Board Secretary 
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Kirkwood, CA 95646 
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SOLUTIONS THROUGH AN ECONOMIC DEVELOPMENT ADMINISTRATION GRANT   
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Executive Summary 
Alpine Biomass Collaborative (ABC) and Calaveras Healthy Impact Solutions (CHIPS) are 
community groups focused on restoring forest health and increasing economic development in 
the Alpine County region. ABC/CHIPS received funds from the Economic Development 
Administration and Community Vision for a Biomass Utilization Scoping Study to aid 
entrepreneurs in planning for a biomass business in Alpine County, and retained High Sierra 
Community Economic Development Corporation (High Sierra), a subsidiary of Wisewood Energy, 
to complete the work. During the first two phases of the work, High Sierra’s subconsultant The 
Beck Group (BECK) conducted a wood fuel supply for the eight-county region surrounding 
Alpine County, as well as a biomass utilization screening process to identify which potential wood 
end uses were likely to be most viable in the area.   
 
BECK found that approximately 41,000 bone dry tons (BDT) of biomass is practically available 
from the region, after accounting for Wilderness areas, historic and planned harvest levels, and 
constraints related to existing competition, accessibility, and cost of material. The cost of 
delivering chipped biomass material to Kirkwood was found to range between $57 and $88 per 
BDT, with an average of $76/BDT. As a result of the supply assessment and subsequent 
screening process, a biomass district heating system at the Kirkwood Meadows Ski Resort was 
identified as one of two most viable biomass utilization opportunities in Alpine County, out of 
27 potential uses (the second was identified as a small scale power plant for Liberty Utilities). 
High Sierra then conducted a feasibility study to further assess the viability of these two 
opportunities, and to identify next steps. 

ENERGY MODEL 

Kirkwood Meadows Public Utility District (KMPUD) provides all electricity, propane, water, and 
wastewater services for the Kirkwood Ski Resort, just under forty miles from South Lake Tahoe. 
KMPUD has been seriously considering a switch from propane, used primarily for space heating 
and snowmelt, as a result of high profile explosions due to propane leaks, as well as the Board’s 
motivation to invest in clean renewable energy. Based on two months of propane consumption 
data for Areas 1 and 2 provided by KMPUD staff, High Sierra determined that a 6,750 MBH 
(thousand BTUs, or thousand British Thermal Units) biomass boiler would offset more than 94% 
of the propane use of those areas. Such a system would use approximately 2,705 tons of wood 
chips per year, assuming 35% moisture content (although the recommended boiler is capable of 
handling material up to 55% moisture content), and convey thermal energy to end users via 
insulated, buried hot water district piping. See Figure 1 below for the energy model showing 
estimated heat load coverage of the biomass boiler system. 

PRELIMINARY SITE AND CONCEPTUAL DESIGN 

Based on discussions with KMPUD staff, High Sierra identified the site of the old diesel 
powerhouse in the eastern portion of the Resort as a potential site for the biomass district heating 
facility, with a recommended secondary storage site in the adjacent gravel area (see Figure 2 for 
the proposed site and potential piping routes). The conceptual design includes wood fuel 
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storage sufficient for approximately 14 days during the coldest weather, and having secondary 
storage nearby reduces the risk of securing fuel during periods of severe winter weather or other 
events that can impact wood fuel deliveries. A facility operator would use a front-end loader to 
periodically shovel wood chips from the secondary storage area to the primary storage walking 
floor, where it will be automatically conveyed to the boilers. A portion of the conceptual design 
is shown in Figure 3 below; the full design is included in the full report. 

 
FIGURE 1: Heat load coverage for Areas 1 and 2 provided by the proposed 6,750 MBH biomass boiler. The biomass 
system capacity is optimized for maximum heat load coverage without oversizing the boiler; a backup propane boiler 
would provide full system redundancy and trim fuel during the peak and shoulder seasons. 

 
FIGURE 2: Overview of proposed KMPUD biomass district heating system and Areas 1 and 2. 
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FIGURE 3: Conceptual design of the proposed biomass district heating system. The design shows two biomass boilers 
to enable deeper propane offsets, better shoulder season performance, and potential phasing of the facility. Primary 
fuel storage includes a walking floor and hydraulic ram to enable use of wood chips with particle size up to 4”, and 
occasional individual pieces up to 12” in length. A propane boiler provides full system redundancy and trim fuel, and 
automatic de-ashing conveys ash to two bins outside of the facility for regular disposal pickup. Additional design 
components included in full report. 

PRELIMINARY PROJECT ECONOMICS 

Operating costs for the proposed biomass district heating system is estimated to be 
approximately $380,000 compared to more than $900,000 for business-as-usual propane 
operations, a savings of approximately $522,000 per year. These estimated savings do not 
include any consideration of avoided damages due to propane leaks, and also do not include 
potential property taxes for  biomass building, which may be substantial. See Table 1 below for 
a breakdown in preliminary operating costs. 
 
Preliminary capital costs are estimated to be approximately $11.58 million, which includes $3.4 
million in direct and indirect costs for the buried district heating lines and interconnections. At 
this early stage of project development, a 30% risk adjustment adds another $3.5 million in 
potential project costs;  as cost variance is reduced with more detailed design and engineering, 
this adjustment is expected to go down. Without a consideration of incentives, simple payback 
is estimated to be 22 years; with a 2% escalation on all costs, payback is reduced to 
approximately 18 years. See Table 2 for a breakdown of preliminary capital costs. 
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TABLE 1: Estimated business as usual operating costs compared to proposed biomass system operating costs, based 
on available data. Existing costs do not account for propane explosion incidents. 

 
TABLE 2: Preliminary capital cost estimate for the proposed KMPUD biomass district heating facility. Total risk 
adjusted cost is not included below, and adds approximately $3.5 million to the preliminary capital cost. District hot 
water piping, trenching, and associated indirect costs equate to approximately $3.4 million of the total. 

 

 

BUSINESS AS USUAL PROPOSED BIOMASS SYSTEM 

PROPANE $845,600 WOOD FUEL & FUEL HANDLING $175,700 

ELECTRICITY $4,100 ASH DISPOSAL $15,800 

O&M $52,000 TRIM PROPANE $46,200 

  ELECTRICITY $114,400 

  O&M $28,100 

TOTAL $901,700 TOTAL $379,200 

ITEM DESCRIPTION ITEM COST 

Development $420,000 

Civil and Structural $1,480,000 

Mechanical  $5,130,000 

Electrical $910,000 

Plumbing and Miscellaneous $180,000 

State Taxes $490,000 

Subtotal Direct Costs $8,610,000 

General Contractor $1,506,000 

Construction Administration $430,000 

Contingency  $1,033,000 

Subtotal Indirect Costs $2,970,000 

TOTAL ESTIMATED COSTS $11,580,000 
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CONCLUSIONS AND NEXT STEPS 

A biomass district heating system serving the Kirkwood Ski Resort and operated by the KMPUD 
is a promising opportunity to significantly offset fossil fuel use with renewable fuels, create a 
modest market for the byproduct of forest management and wildfire mitigation activities, and 
upgrade KMPUD thermal energy services infrastructure. Biomass-fueled district heating systems 
serving high end ski resorts are common throughout Europe, and Kirkwood would be among 
the first of such a system in the United States, putting it in a leadership position for advanced 
renewable energy innovation at premier outdoor recreational destinations.  
 
While estimated annual cost savings are substantial at over half a million dollars per year, upfront 
capital costs contribute to a long payback without additional incentives or recognized value of 
the system. High Sierra believes that capital cost and/or operating cost (for delivered wood fuel) 
incentives may be available in the future that could help to improve system payback, due to the  
many public benefits that biomass energy systems are recognized to offer related to wildfire risk 
reduction, air quality improvements, and long-term carbon reductions. For example, the 2018 
Farm Bill included an expansion of the Community Wood Energy and Wood Innovations 
Program, which is intended to provide capital grants up to $1 million for wood energy systems, 
and in California there is broad recognition, and funding support, for projects that contribute to 
vegetation management and wildfire risk reduction. Because carbon emissions from biomass 
energy systems are considered biogenic, and the use of wood fuels often offsets an alternative 
fate of pile burning, a biomass energy system for KMPUD may also have economic value for its 
contribution to Resort greenhouse gas and renewable energy goals. In addition to potential 
incentives to offset project costs, a more detailed analysis of project options may also lead to a 
reduction in estimated costs. For example, the biomass facility could be constructed in phases 
that target the most cost effective end users first, or conversely, could be expanded to include 
more of the ski resort and thereby further reduce propane use and cost.  
 
High Sierra recommends that detailed design and engineering of the proposed facility be 
conducted as a next step, in close coordination with KMPUD and its key stakeholders; including 
addressing remaining questions in more detail, developing construction-ready documentation, 
and identifying the most cost effective implementation strategy. This may include a closer 
analysis of propane users that can be offset with biomass, further identification of permitting 
pathways and carbon emission benefits, a detailed examination of existing versus proposed 
operating costs, and an updated capital cost and payback analysis based on detailed 
engineering documentation. At the completion of this phase, KMPUD would have construction-
ready documentation sufficient to go to bid, and more information about potential opportunities 
to help offset capital costs.  
 
High Sierra will be providing a full KMPUD biomass district heating feasibility report, and is 
available to discuss any questions that may arise from this Executive Summary. 
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