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Summary 
The monetized social benefits for school HVAC repairs, replacements, and upgrades 
funded by the California Schools Healthy Air, Plumbing, and Efficiency (CalSHAPE) 
grant program are, on average, 30 times the costs, with a 90% confidence interval of 
7 to 73 times: 

Per Student, 2025 USD CalSHAPE Upgrades 

20-year NPV at 3.1% Mean 5% 95% 

Cost $2,300 $2,000 $2,600 

Infections Prevented $3,800 $1,600 $7,500 

Secondary Transmission $16,000 $7,000 $29,000 

Improved Education $46,000 $1,900 $130,000 

Asthma Averted $2,300 $560 $5,200 

Total benefits $68,000 $16,000 $170,000 

Net benefits $65,000 $14,000 $160,000 

Benefit-cost ratio 30 7.0 73 

The benefits are mainly driven by educational improvements. HVAC upgrades will 
improve classroom air quality by removing pollutants, thereby improving test scores, 
and by extension, future earnings. Temperature regulation should provide additional 
educational benefits, though the effect is harder to quantify. 

Another major effect is the monetized value of reduced secondary transmission of 
infections. Well-functioning HVAC systems with higher-efficiency filters remove 
infectious particles, resulting in fewer students getting sick, and fewer members of 
their communities getting sick and suffering serious complications. 

Even without either of these effects, HVAC upgrades still pass a cost-benefit test on 
average, driven by the two smaller effects of reduced asthma and infections in 
children.  

1 richard@maxwelfare.com. Dr. Bruns is an economist specializing in cost-benefit analysis of 
public health policy and the author of “Cost-Benefit Analysis of ASHRAE Standard 241,” 
ASHRAE Journal, 65(10) (2023). This was pro bono work on behalf of nonprofit organization 
Clean Air Allies (contact: JuNelle Harris, Project Director, junelle@cleanairallies.org), which 
provided information on the CalSHAPE grant program. 
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Approach, Methodology, Terminology 
We analyze CalSHAPE from the point of view of all residents of California 
collectively. We address the question of whether the health and educational benefits 
of the HVAC upgrades the program funds justify the capital expenditures. We use as 
a baseline the grant amount and enrollment data for 172 school sites that received 
funding to complete HVAC repairs, replacements, and upgrades recommended by a 
licensed professional after comprehensive HVAC assessments. Given program 
guidelines, we assume that future funded HVAC upgrades will not significantly differ 
in price from this baseline. We follow the guidelines and principles in OMB Circular 
A-94 and the American Institutes for Research Standards for the Economic 
Evaluation of Educational and Social Programs.2  

We convert social benefits to their monetary equivalent. We use current HHS values 
for health benefits. These values come from looking at the choices people make 
when making tradeoffs between health and money. When we report monetized 
benefits, this does not mean economic impacts. It means our best estimate of the 
amount of money that people would be willing to pay to make themselves and their 
families and communities healthier. 

For example, uncontrolled asthma causes people to suffer a Disability Weight of 
0.13. The value of one year of healthy life is about $700,000. Therefore, the 
monetized health value of stopping one child from suffering uncontrolled asthma for 
one year is about $90,000. When combined with the medical costs of asthma of 
$8,000 per year, the total value of preventing uncontrolled asthma is $98,000 per 
year. 

For educational benefits, we estimate the present value of improved lifetime 
earnings. 

We focus on those benefits supported by the current literature. Our analysis may 
therefore understate the true total benefits of HVAC upgrades. For example, we do 
not model the benefits of reducing acute respiratory infections or post-acute sequelae 
in teachers. Recent evidence (e.g., Brannock et al.) suggests that COVID-19 
reinfections generate significant risk of long COVID. While the data is recent and the 
science is not yet settled, the benefits of avoiding associated lost work and disability 
costs are likely to be large. 

This analysis is not a state government budget analysis, and makes no attempt to 
model statewide economic, employment, or trade effects. Notably, it does not attempt 
to calculate greenhouse gas reductions, which have previously been estimated by 
the California Air Resources Board (CARB) to be 3,303 MTCO2e for an 18-school 
subset of the baseline 172 school sites, which received CalSHAPE grants funded 
through California Climate Investments. Nor does it consider the potential benefits of 
HVAC upgrades from the point of view of individual schools or school districts that 
might see, for example, increased funding, engagement, or other benefits due to 
reduced student and staff absences.  

2  We use a 3.1% discount rate as a default per OMB Circular A-94, Appendix D, and 
consistent with both frameworks. For reference, results are also presented at a more 
conservative 7% discount rate. 
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This analysis also makes no attempt to model the current incidence of the energy 
efficiency budget contributions, from 2021-2023, used to fund CalSHAPE. According 
to a recent legislative analysis, if $194 million in unspent program funds revert to 
contributing investor-owned utilities (IOUs), they could yield savings of “$2 per month 
for one year for San Diego Gas & Electric ratepayers, $1.25 per month for one year 
for SoCal Edison ratepayers, and $0.20 per month for one year for Pacific Gas & 
Electric ratepayers.” However, statute does not require that reverted CalSHAPE 
funds be refunded to ratepayers or that they be used by IOUs for any other specified 
purpose.  

We used a Monte Carlo simulation to carry through and report uncertainty. Most 
calculation inputs were in the form of probability distributions rather than point 
estimates. Throughout the text of the report, we report results as ranges. This is the 
90% confidence interval, i.e., the 5th and 95th percentile values from the Monte Carlo 
simulation. All figures are rounded to two significant figures for readability and to 
avoid false precision. 

Whenever possible, we used data from California. However, in many cases it was 
necessary to use values from research in other jurisdictions, and in some cases we 
applied expert judgment based on our understanding of the overall literature. 

All monetary values are 2025 USD, abbreviated as $, unless otherwise specified. 

In the interest of transparency and accessibility, we did all calculations on a Google 
Sheet, which is available here for anyone to view and copy. No coding knowledge 
beyond intermediate spreadsheet proficiency is required to audit, edit, replicate, and 
extend the calculations: 

 CBA CalShape Upgrades

We analyzed all costs and benefits over a 20-year time horizon, assuming that HVAC 
systems last at least that long before requiring significant upgrades or renovation. 

We present all values per student. To find the values per school or district, multiply by 
its average annual number of students. 

Key terms and abbreviations used in the report: 
ARI: Acute Respiratory Infection 
DALY: Disability Adjusted Life Year 
HVAC: Heating, Ventilation, and Air Conditioning. A system that filters and conditions 
outside or recirculated air and delivers it to the classroom 
MERV: Minimum Efficiency Reporting Value. MERV is a standardized rating system 
for how efficiently HVAC filters remove particles from air. The higher the value on the 
rating scale of 1 to 16, the higher the efficiency of the filter 
NPV: Net Present Value 
PM: Particulate Matter 
 
1: Description of the Program 
The California Schools Healthy Air, Plumbing, and Efficiency (CalSHAPE) grant 
program was created by AB 841 (2020) to provide 100% grant funding to help make 
California schools–especially those in underserved and fenceline communities–more 
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energy efficient, healthy, and resilient.3 The program’s funds primarily come from 
contributions from the energy efficiency budgets of investor-owned utilities (IOUs) 
over a defined 3-year period that ended in 2023.4 Under current statute, the program 
is scheduled to sunset on January 1, 2027, with unspent funds reverting to 
contributing IOUs on December 1, 2026.   

By current statutory formula, 75% of program funds go toward ventilation-related 
projects, 25% of funds toward plumbing-related projects. While the ventilation 
program has a pathway for schools without HVAC, to date, all awards have gone to 
schools with HVAC. 

School sites are initially granted funds to conduct comprehensive HVAC system 
assessments and maintenance, adopt MERV 13 filters where feasible, and install 
classroom carbon dioxide (CO2) sensors. These Phase 1, Assessment and 
Maintenance (A&M) grant awards include a 20% “contingency” top-off for minor 
HVAC repairs. Follow-on Phase 2, Upgrade and Repair (U&R) grant awards, are 
available for serious repairs, replacements, and upgrades recommended by a 
licensed professional based on the preliminary HVAC system assessments. Program 
guidelines define acceptable Phase 2 project parameters, including that all electric 
equipment must ordinarily be used. 

Due to an attempt to repurpose program funds, CalSHAPE applications were closed 
with little notice in mid-2024 and have never reopened, leaving an estimated $194 
million in unspent funds. As a result, of the more than 4,500 schools that received 
grant awards to conduct initial HVAC assessments, only 172 have been able to 
obtain follow-on funding to complete recommended repairs, replacements, and 
upgrades. 

We therefore focus our analysis on the benefits of completing serious repairs, 
replacements, and upgrades recommended by a licensed professional based on 
comprehensive HVAC system assessments, assuming that, consistent with program 
guidelines, future grant awards for this work will be similar to those to date. 

2: Costs 
CalSHAPE has so far awarded about $140 million in Phase 2 grants to 172 schools 
with enrollments totaling about 100,000 students. Details can be found here:  

 CalSHAPE Phase 2 School Grantees + Total Enrollment

We assume that future grants would have about the same cost of $1,400 per student. 

In addition to the capital costs, the upgraded HVAC systems have maintenance and 
operations costs, with enhanced efficiency being counterbalanced by greater 

4 A small percentage of funds, $20 million, came from the Greenhouse Gas Reduction Fund 
through California Climate Investments. 

3 The program’s official name is the School Energy Efficiency Stimulus Program, with its 
ventilation component called the School Reopening Ventilation and Energy Efficiency 
Verification and Repair Program (SRVEVR) and its plumbing component called the School 
Noncompliant Plumbing Fixture and Appliance Program (SNPFA). However, CalSHAPE is 
how it is commonly referred to by the administering agency, the California Energy 
Commission (CEC), and the public. 
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complexity (see generally Hines). We conservatively assume that about 50% of 
ongoing maintenance and operations costs can be attributed to the requirements of 
the upgraded system over and above those of the baseline system. The additional 
cost per student is $39 to $80 per year, with a 20-year NPV of $580 to $1,200. We 
calculate and report the NPV of costs per student including this increased burden. 

3: Benefits 
The four key benefits of an HVAC system upgrade are: 

1)​ Decreased respiratory infection among schoolchildren 
2)​ Decreased secondary spread of respiratory infection 
3)​ Improved educational outcomes 
4)​ Decreased asthma among schoolchildren 

There are other benefits, such as reduced staff absences, but we focus on the ones 
that are largest and best supported by the evidence.  

We do not have data on the benefits of CalSHAPE Phase 2 grant-funded projects  
specifically. Therefore, we must extrapolate from the literature on classroom indoor 
air quality improvements of the type expected with HVAC upgrades based on 
professional recommendations following initial assessments. 

We have data on the effectiveness of in-room air-filtering devices, and of upgrading a 
system from MERV 8 to 13 filters, which will provide increased protection (equivalent 
clean airflow) as described in ASHRAE Standard 241. We conservatively estimate 
that the CalSHAPE upgrades will give about 50% of the benefit of in-room filters. 

3.1 Decreased Student Infection 
American students have 0.8 to 1.2 acute respiratory infections per 100 enrolled days. 
40% to 60% of infections are acquired in schools. The risk of long-range infection is 
reduced by 30% to 50% with better filtration (Thornton, Pereira). However, we do not 
know what percentage of infection is due to the long-range transmission route. It 
could be as low as 30% or as high as 70%, with the remaining infections coming from 
close contact, which HVAC systems can do little or nothing to prevent. 

Therefore, HVAC upgrades will reduce ARI by 0.10 to 0.28 cases per student per 
year. 

3.2 Decreased Secondary Infection 
Based on our review of the vaccination modeling literature (e.g., Eichner and Basta) 
we estimate that each infection prevented in a school child results in 0.5 to 1.5 
infections being prevented in the population. Therefore, we expect that secondary 
infections will be reduced by 0.09 to 0.29 per student per year as a result of HVAC 
upgrades. 

3.3 Improved Education 
HVAC upgrades can improve educational outcomes through improved classroom air 
quality, including cleaner air and better-controlled temperatures. 

Air-filtering devices have been shown to improve test scores by 0.1 to 0.2 standard 
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deviations (Gilraine). However, we do not know how permanent this effect is. The 
test-score effect of air filtration has not been proven to improve future earnings the 
same way other improvements in test scores do. The test scores could be measuring 
a permanent improvement in skills, or it could be that the “underlying knowledge” is 
the same and the air quality only improved test performance. To account for this, we 
add a factor for the persistence of the effect. This variable is distributed as a beta 
distribution, from 0 to 1, with parameters ɑ=1 and β=4 (i.e., most probability weight 
on the low end), for an average value of 19%. 

With this estimate, the “permanent” educational attainment increase is 0.001 to 0.04 
standard deviations. Each standard deviation improves lifetime earnings by 5% to 
11%, so we expect that filtration should improve lifetime earnings by 0.01% to 0.64% 
each year the student is exposed to it, and the HVAC upgrades (50% as effective) 
will improve earnings by 0.005% to 0.32%. 

Evidence suggests that extreme classroom temperatures negatively impact 
educational outcomes, with temperatures near 20°C (68°F) perhaps being optimal 
(Wargocki). A 2020 study of schools across California, with existing but not 
necessarily well-functioning HVAC systems, found that many classrooms 
experienced temperatures above 78°F or below 68°F during school hours 
(Pistochini). Given limited evidence on how upgrades to existing classroom HVAC 
systems affect test scores, as distinct from new installations in previously unserved 
classrooms (Park), we treat temperature-related learning improvements as a 
qualitative co-benefit of HVAC upgrades, likely positive but not reliably quantifiable 
with current evidence. 

3.4 Asthma 
The current prevalence of asthma in California school children is 13% to 20% 
depending on demographics. Every 1 μg/m3 reduction in particulates reduces 
asthma by 1% to 9%. Children spend about 14% of their time in classrooms, so we 
assume that classroom particulate levels will have 14% of this effect size. 
Measurements of California schools with MERV 8 versus MERV 13 filters show the 
levels of dangerous particulates (PM2.5) being reduced by 2.3 to 4 μg/m3. Therefore 
we expect that the upgrades will reduce asthma prevalence by 0.1 to 0.5 percentage 
points. 

4: Monetized Benefits 
4.1 Decreased Student Infection 
Student illness generates costs in the forms of caregiver time, medical bills, lost 
DALYs, and a very small chance of hospitalization and death. Of these, the largest 
component is caregiver time. Each infection generates an average of 1 to 2 days of 
lost work for caregivers (Neuzil, Heikkinen) valued at $450 to $840 per infection. The 
total monetized cost is $890 to $2,100 per case. 

With 0.10 to 0.28 cases prevented per student per year, the annual benefits are 
valued at $110 to $500 per student. 
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4.2 Decreased Secondary Infection 
Older people are much more likely than children to suffer serious complications and 
death from infection. Molinari et al. estimate average total costs, including monetized 
life and health losses, for US influenza cases. We convert their 2007 USD value to 
2025 USD and estimate that each community case has an expected harm of $3,900 
to $8,200. 

With 0.09 to 0.29 secondary cases prevented per student per year, the annual 
benefits are valued at $470 to $2,000 per student. 

4.3 Improved Education 
To value an increase in lifetime earnings, we must first estimate their net present 
value. Our procedure is: 

1)​ Assume students start earning income 15 years on average after being 
exposed to better air quality, and that they then work for 40 years. 

2)​ Assume that annual incomes grow at the same rate as GDP per capita. The 
10-year average of GDP growth is about 1.8%. 

3)​ Calculate the NPV of 40 years of income, growing at the indicated rate, 
discounted at 3.1%. 

4)​ Discount that value back another 15 years to the present day. 

This results in a discounted average lifetime income of $2.2 to $3.2 million. The 
educational gain from the upgrades then has an expected value of $130 to $8,900 
per student per year. 

4.4 Asthma 
The costs of asthma include medical costs, caregiver time, and the DALY loss, i.e., 
pain and suffering. Of these, the monetized DALY loss dominates the calculation. 
The disability weight of asthma is 0.015 to 0.133 and the total monetized cost of a 
case is $21k to $93k per year. 

We assume that the duration of asthma is the time in school; if classroom exposure 
caused a longer duration of asthma that persisted after leaving the school 
environment, the cost would be much higher than we estimate here.  

Given the prevalence change caused by HVAC upgrades, their annual 
asthma-prevention value is $38 to $360 per student. 
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5: Calculate Net Present Value 
We discount all future annual values and add them up to calculate the 20-year NPV 
at a 3.1% discount rate5: 

Per Student, 2025 USD CalSHAPE Upgrades 

20-year NPV at 3.1% Mean 5% 95% 

Cost $2,300 $2,000 $2,600 

Infections Prevented $3,800 $1,600 $7,500 

Secondary Transmission $16,000 $7,000 $29,000 

Improved Education $46,000 $1,900 $130,000 

Asthma Averted $2,300 $560 $5,200 

Total benefits $68,000 $16,000 $170,000 

Net benefits $65,000 $14,000 $160,000 

Benefit-cost ratio 30 7.0 73 

We also present the numbers at a 7% discount rate: 

Per Student, 2025 USD CalSHAPE Upgrades 

20-year NPV at 7% Mean 5% 95% 

Cost $2,000 $1,800 $2,300 

Infections Prevented $2,800 $1,200 $5,400 

Secondary Transmission $11,000 $5,000 $21,000 

Improved Education $10,000 $430 $29,000 

Asthma Averted $1,700 $410 $3,800 

Total benefits $26,000 $9,500 $54,000 

Net benefits $24,000 $7,500 $52,000 

Benefit-cost ratio 13 4.8 27 

 

5 Note: In a Monte Carlo simulation, confidence intervals are not additive. Only the mean 
values can be summed across rows. 
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