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Connecting productivity, living costs and public debt

lce Was a Luxury

Can Al Abundance Make
U.S. Debt More Manageable?

Refrigeration, aluminum and lighting as a lens on Musk’s productivity hypothesis

PAST SCARCITY SUPPLY SHIFT FISCAL TEST

Ice - aluminum - light Cost - access Growth - revenue - spending

Technology does not erase debt.
It can expand the economy that carries it.

Historical cost declines inform the possibility—not the certainty—of abundance. Living standards and fiscal capacity remain distinct.

Analysis date: 4 October 2026 TRADELENS.KR

Productivity, living costs and fiscal sustainability
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01 / RESEARCH VIEW

Technology can change the limits of debt capacity

The relevant change is more useful output from the same resources—not the disappearance of debt.

TradeLens view | There is a credible route to abundance

If Al and robotics lower quality-adjusted unit costs across industries, and the gains reach users and the
budget, living standards and public debt capacity can improve together. Lower prices alone do not reduce
debt.

01 02

What is changing? Why does it matter?

Some scarce goods and services can be supplied by A lower cost of maintaining the same standard of
repeatable systems rather than relying mainly on living raises purchasing power even without higher
natural conditions or individual labor. nominal income.

03 04

Who benefits? What decides the outcome?

Consumers may gain access, firms productivity, and Test total cost, actual use, nominal income and the
governments a broader tax base or cheaper primary balance together—not token volumes or
procurement. The transmission channels differ. robot counts alone.

The report tests the conditions for possibility

Ice and aluminum show that cost constraints need not be permanent. Success in one industry does not fix the
pace of economy-wide change. The argument proceeds from history to production systems, purchasing power
and fiscal arithmetic. [2] [4]

Scope: living standards, production costs and U.S. federal debt sustainability. No price forecasts for stocks, tokens or bonds.
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02 / ICE TO ABUNDANCE

The usefulness of ice endured. Its cost changed.

The transition from luxury to everyday use is about relaxing supply constraints, not eliminating utility.

The Hampton estate’s ice house was built in 1783-1790. NPS describes it as a sign of wealth requiring both a
substantial structure and year-round labor. Enslaved people harvested pond ice in winter for storage into
summer. [2]

01 02 03

Stored natural ice Industrial distribution Produced cooling
Winter harvest - Larger harvests > Mechanical cooling
Transport, storage, loss Home iceboxes Production near use

Conceptual transition, not a universal timeline. Access differed across places and incomes; natural-ice supply and refrigeration coexisted. [3]

Dimension Earlier constraint After the transition

Utility Food preservation and cold drinks The value of cooling remains
Supply Season, location and melt losses Equipment, energy and maintenance
Total cost Harvesting, transport and storage Purchase, power and lifetime upkeep

The transferable insight is a change in production

When fewer resources and less labor are needed for the same living standard, the released capacity can support
other production and consumption. Cooling did not become free; access broadened. The same test applies to Al
services.

What history supports

Today’s high cost is not evidence of permanent scarcity. But affordability must be measured after equipment,

energy, safety and quality costs.
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03 / MUSK’S HYPOTHESIS

Musk’s argument contains three distinct hypotheses

Separating output, prices and rates clarifies both the constructive case and its conditions.

In Nikhil Kamath'’s interview released on 30 November 2025, Musk presented large-scale Al and robotics as a
solution to U.S. debt pressures. He also argued that prices could fall if output grows faster than the money
supply. [1]

Link in the argument Report interpretation Condition to establish

Al/robots = more output Relax labor and process constraints Deployment in actual work across sectors
More output — lower prices Unit-cost savings and pass-through Demand, money and velocity responses
Lower prices/rates = debt . . L Growth, effective interest and primary

. Refinancing cost versus nominal income
relief balance

Do not overextend the interview

Around 50:41, the host links deflation, zero rates and easier debt service; Musk agrees. The “about three
years” remark concerns a prospective output-versus-money turning point, not a promise to eliminate Treasury
principal in three years. [1]

The constructive case is the upside to productivity

Broad automation and lower total costs can enlarge the real economy supporting debt service. That possibility
requires neither zero interest rates nor general deflation. Lower relative prices alongside sustained
nominal-income growth offer another route.

The interview is a personal forecast; historical cases are evidence; subsequent models are TradelLens illustrations. No forecast assumes money
velocity, credit and policy reactions stay fixed.
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04 / HISTORY OF FALLING COSTS

Technology turns luxury into everyday supply

Aluminum illustrates process innovation; lighting shows why the service—not the object—is the right unit.

ACS records aluminum-ingot prices falling from $4.86 per pound in 1888 to $0.78 in 1893 as the Hall process
was commercialized and improved. Process engineering and electric-power supply enabled commercial
production. [4]

Aluminum ingot price Contemporaneous nominal USD/Ib
0 1 2 3 4 5
1888
$4.86

Source: ACS [4]. Two nominal price observations, not inflation-adjusted prices. The 84.0% decline equals (1 - 0.78/4.86) x 100; TradelLens calculation.

The lesson from light: compare illumination, not candles

Nordhaus examines the cost of obtaining the same illumination service across technologies. When products and
quality change, comparing the price of objects alone can miss gains in living standards. [5]

Misleading comparison More useful unit

Cooling Price of a block of ice Cost of maintaining a specified temperature and duration
Lighting One bulb or candle Cost of a specified illumination service
Al/robotics Answers or operating cycles Total cost of an accepted task or service

The bridge from history to the future

The relevant achievement is equivalent utility supplied with fewer resources. Count the benefit people

actually receive and the full cost they pay—not output alone.
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05 / Al & ROBOTICS EVIDENCE

The mechanism is observable; its economy-wide scale
is another question

Separate task-level gains, diffusion across firms and experience with industrial robots.

Evidence layer Documented finding Interpretation boundary
. 5,172 agents; 15% average increase in A specific service task, not a whole-job or
Generative-Al support [6] .
issues resolved per hour GDP growth rate
. . 18% used Al in at least one function, Nov Use incidence, not a productivity gain or
U.S. firm diffusion [7]
2025-Jan 2026 share of all tasks automated
. Productivity contribution estimated in 17 A replication finds smaller effects under
Industrial robots [8] [9] . . .
countries, 1993-2007 different samples. Not a humanoid forecast

Breadth is what could distinguish Al from one invention

The hypothesis goes beyond one cheaper product. Lower costs of cognition and physical execution could
improve design, operations and production together. System-level gains still require control of verification,
safety, power and accountability costs between stages.

Measure total cost per usable output—not demo speed

Total cost = equipment/tools + energy + integration/upkeep + human oversight/rework.
Denominator = actual output meeting safety, accuracy and delivery requirements.
Measure performance after failures, defects and rework.

The productivity J-curve literature emphasizes complementary investments in organizations, people and
processes before benefits become visible. High initial costs do not by themselves establish an absence of

long-run benefits. [10]

Different populations, periods and measures are not pooled or averaged. Observed partial effects are distinct from the report’s aggregate hypothesis.
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https://academic.oup.com/qje/article/140/2/889/7990658
https://www.nber.org/papers/w35141
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06 / AFFORDABILITY LAB

The same income can buy a richer standard of living

[llustration | Compare the cost of an unchanged basket with equivalent quality.

Model A | Basket cost 100; 50 is cost-reducible

Assume prices fall 40% in the half of the basket that is cost-reducible, with the other half unchanged. The new
cost is 50 x 0.60 + 50 = 80. This is a fixed-basket illustration, not a U.S. CPI or household forecast.

Cost of maintaining the same basket Base=100 - illustrative
0 25 50 75 100

Before 100

After pass-through

I

Nominal income Basket cost Purchasing power vs. before

Unchanged at 100 80 +25.0%
Falls to 90 80 +12.5%
Falls to 80 80 No change

Initial purchasing power=100/100=1; new purchasing power=income/80. Prices and incomes are assumptions. Substitution, distribution and taxes are
excluded.

The key is affordability relative to the income path

Someone whose income falls faster than living costs may not benefit. With stable income and cheaper
necessities, resources can be released for other consumption, saving or debt service. That is a welfare gain—not
the same number as government revenue.
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07 / THREE DIFFERENT LEDGERS

Abundance, income and debt are different accounts

A price decline reaches output, income and the public budget through different channels.

Account Benefit to measure What does not follow automatically

An equal increase in nominal GDP or tax

Living standards Better access for the same expenditure .
receipts
L More domestic real output and taxable . .
Production/income . Identical gains for households and government
income
L Improved primary balance and interest . . . Lo
Public finance Automatic reduction in outstanding principal

capacity

Nominal GDP growth = (1 + real growth) x (1 + GDP inflation) - 1

The GDP price measure covers domestic output, not the household cost of living. The examples below use
the same single period; they do not forecast Al’s price impact. [14]

Real output GDP prices Nominal GDP Interpretation

+10% -3% +6.70%  Output growth outweighs falling prices
+2% -3% -1.06% Real growth, but a smaller nominal base
+6% +2% +8.12%  Growth does not require deflation

This is a level identity. The three cases are neither forecasts nor probabilities and do not estimate endogenous market or policy responses.

Debt relief comes from capacity, not lower prices alone

Falling prices alongside weak nominal incomes can increase the burden of fixed debt. The constructive
productivity case therefore requires checking both affordability and the nominal tax base. [13]
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08 / THE FISCAL STARTING POINT

Al is already in the baseline. The test is additional
diffusion.

Use CBQO'’s February 2026 conditional projection as a reference—not as a realized outcome.

CBO projects federal debt held by the public rising from 101% of GDP in 2026 to 120% in 2036. These are
conditional baseline values—not gross federal debt or a real-time balance. [11]

Federal debt held by the public / GDP % - CBO baseline
0 30 60 90 120

2026 101%

Share of GDP 2026 2036
Total deficit 5.8% 6.7%
Primary deficit (excluding net interest) 2.6% 2.1%
Net interest outlays 3.3% 4.6%

Source: CBO [11]. Published rounded components may not sum to the rounded total. Legal and economic cutoff dates follow the source.

Do not add the same Al benefit twice

The baseline already includes an Al contribution of 0.1 percentage point to annual TFP growth, raising
nonfarm-business output by 1% in 2036. A stronger abundance case needs evidence of additional diffusion or
larger cost reductions. [11]

Implication: Output gains must offset interest and primary-spending pressures sufficiently to lower the debt
ratio. Extending a baseline and examining a technology-driven alternative are different exercises.
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09 / DEBT DYNAMICS LAB

Faster growth can change the debt-ratio path

Illustration | Compare debt relative to GDP, not the disappearance of principal.

Model B | b(t) = [(1 +i)/(1 + g)] x b(t-1) + d

Start at debt/GDP of 100%, hold average nominal interest i at 4% and the primary deficit d at 2.5% of current
GDP. g is nominal GDP growth. Stock-flow adjustments are excluded. [15]

Debt/GDP under alternative growth rates % - illustrative

140

136.3
130
120

110

0 e E P LT e LR EEP PP REPPEREE

90
0 2 4 6 8 10

Years elapsed
— g = 3% g=5% —_— =%

Annual nominal growth Debt/GDP after 10 years Interpretation

3% 136.3% Growth does not absorb interest and the primary deficit
5% 114.8% Growth exceeds interest, but the primary deficit persists
7% 97.3% Stronger growth offsets the fixed deficit ratio

Tradelens calculation; constant annual assumptions, not a U.S. forecast or target. Nominal debt still rises in the 7% case, but GDP rises faster.

Stress test: Even with 7% growth, a 6% interest rate gives 115.0% debt/GDP after ten years. Growth, prices, rates and
the primary balance must be assessed together; productivity need not lower interest rates.
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10 / FROM ABUNDANCE TO THE BUDGET

Cheaper public services can improve the budget

A welfare gain cannot simply be entered as a fiscal saving.

There are two constructive channels: more domestically taxable income can broaden receipts, and a lower full
cost of delivering equivalent public services can ease spending pressure. The latter requires savings to reach the
prices the government actually pays.

Model C | Only 20 of 100 in noninterest spending is cost-reducible

A 30% price decline in the relevant services does not cut total spending by 30%. At fixed volume, 80 + 20 x
0.70 = 94, a 6% reduction. These indices do not estimate the U.S. budget or a particular program.

lllustrative condition Spending index Vs. baseline

Initial spending 100.0 —
Relevant prices -30%, fixed volume 94.0 -6.0%
Plus 20% more relevant service use 96.8 -3.2%
Plus transition cost of 5 101.8 +1.8%

Volume case: 80 + 20 x 0.70 x 1.20 = 96.8. The last row adds an assumed transition cost in the same period; it is not a permanent annual expense.

Distinguish the source of savings from the payment rule

More productive administration, procurement or facilities may deliver limited savings if prices stay fixed or use
expands. Pensions, transfers and interest follow rules different from service-production cost and cannot be cut
by the same percentage.

Where abundance becomes fiscal capacity

Doing more with the same budget and achieving the same result at lower cost both create value. Only the
portion realized in receipts or spending enters the debt calculation.
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11/ TIMING & THE RATE CHANNEL

Abundance can arrive after the spending

Technical performance, lower prices and fiscal improvement need not arrive at the same time.

01 02 03

Invest first Diffuse into work Transmit the gain
Equipment, power —  Reliable output —  Prices, wages, profit
Integration, safety Lower unit total cost Receipts, public cost

Conceptual sequence, not a dated forecast. The complementary-investment and measurement-lag framework draws on the productivity J-curve
literature. [10]

Rate channel Potentially favorable force Offset to check

Potentially lower inflation compensation and The price path still depends on demand and

Disinflation . .

nominal yields monetary responses
Capital demand Productivity may expand the repayment base Investment demand may raise real interest rates
Debt rollover Cheaper new borrowing can gradually help Existing fixed-rate debt does not instantly reprice

A one-off cost reduction is not a permanent growth acceleration

Refrigeration changed the level of cooling costs; it did not imply that the same decline repeats forever. Sustaining
the annual growth in a debt-ratio model requires further innovation and diffusion. A level shift is not a
permanent growth rate.

Timing condition for the constructive case

While upfront investment and transition costs are financed, realized unit costs and prices must fall and taxable
income must hold up or expand. Speed of diffusion and the rollover lag matter alongside the eventual benefit.
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12 / WHAT WOULD MAKE THE CASE WORK

The useful question is what must improve together

Turn technological optimism into four observable conditions.

Research supports a channel for material fiscal improvement

In a 2026 Brookings model, a traditional productivity shock lowers the 2036 deficit ratio by about 5
percentage points relative to baseline; the composite disruptive scenario improves it by about 2.6 points.
These are assumption-dependent results, not a forecast that Al erases debt. [12]

Required condition Evidence that supports it Evidence that weakens it

o Lower total costs at maintained quality in Narrow task gains fail to reach the full
1. Broad diffusion
many sectors process
2. Price/access Lower quality-adjusted user prices and more Savings absorbed by markups or other
pass-through use bottlenecks

. Domestic income and profit bases hold up or Income erosion or weaker taxable bases
3. Nominal tax base

expand outweighs gains
. . Receipts/spending gains offset transition Volume, transfers or rates absorb the
4. Net fiscal benefit . .
and interest costs savings

Value may move rather than disappear

Consumers may benefit as reproducible services get cheaper. Complementary inputs—equipment, power, trust
and accountability—may remain scarce and earn income. Where that income arises and is taxed is part of the
fiscal transmission. This is not a company-margin forecast.
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13 / OUTLOOK & FOUR ANSWERS

Ice suggests a higher ceiling for the future

Technology has relaxed scarcity before. Fiscal gains depend on diffusion, prices and income connecting.

01
What is changing?

Al and robotics can relax constraints on
reproducible cognitive and physical tasks. Some
task-level effects are already observed.

03
Who captures the benefit?

Consumers, workers, capital and government
capture different shares. Debt capacity depends on

domestic nominal income and realized budget gains.

02
Why does it matter?

Lower costs of an equivalent living standard raise
real purchasing power. Abundance can come from
income growth and cost reduction.

04
What would change the view?

If broad cost savings fail to improve prices, income
or the primary balance, the abundance and
debt-relief cases must be separated.

What to monitor next

Production systems Households/firms Public finances

. . . Paid prices, actual use, nominal Procurement prices, tax bases, primary
Quality-adjusted cost, uptime, rework

income balance

Breadth of diffusion, post-investment Cost savings alongside income .
o Effective interest, rollover, debt/GDP
results distribution

Final view | The plausible route is greater capacity to carry debt

Al abundance can make U.S. debt more manageable if production constraints ease broadly and the gains
reach nominal income, receipts and public-service costs. Refrigeration offers a precedent for changing the
cost of access. Technology need not erase debt to enlarge the economy that carries it.
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14 / SOURCE REGISTER

Connect the argument to original evidence

Select a teal citation, source title or “Open source” to open the underlying material.
01. Nikhil Kamath | People by WTF Ep.16 — Elon Musk Open source
2025.11.30 - Interview - 47:33-51:12 - debt, output, prices and rates

02. U.S. National Park Service | Ice House — Hampton Open source
2021.04.13 - Historical account - 1783-1790 ice house; harvesting and storage

03. U.S. National Park Service | The Icebox, the Predecessor of Modern Refrigeration Open source

2026.10.04 - As accessed - natural-ice distribution and refrigeration

04. American Chemical Society | Hall Process: Production and Commercialization of Aluminum Open source
2026.10.04 - As accessed - 1888/1893 nominal ingot prices and commercialization

05. William D. Nordhaus - Yale | Do Real Output and Real Wage Measures Capture Reality? Open source
1994.09 - CFDP 1078 - quality-adjusted measurement of lighting services

06. Brynjolfsson - Li - Raymond | Generative Al at Work Open source
2025.02.04 - QJE - 5,172 support agents; issues resolved per hour

07. Bonney et al. - NBER | The Microstructure of Al Diffusion Open source
2026.04 - WP 35141 - U.S. firm use, Nov 2025-Jan 2026

08. Graetz - Michaels | Robots at Work Open source
2018.12 - 17 countries, 1993-2007; industrial-robot productivity estimates

09. Bekhtiar - Bittschi - Sellner | Robots at Work? Pitfalls of Industry-Level Data Open source

2024.06.05 - Replication - sensitivity of estimates to sample composition

10. Brynjolfsson - Rock - Syverson | The Productivity J-Curve Open source
2020.01 - NBER WP 25148 revision - complementary investment and lags

11. Congressional Budget Office | The Budget and Economic Outlook: 2026 to 2036 Open source
2026.02 - Conditional baseline - debt held by the public, balances and Al

12. Harris - Mehrotra - Overcash | Can Al Restore Fiscal Sustainability in the US? Open source
2026.07.01 - Brookings WP - PDF pp.18-22; scenarios, results and limitations

13. Federal Reserve - Janet L. Yellen | Inflation Dynamics and Monetary Policy Open source

2015.09.24 - Speech - nominal income and debt-deflation mechanism

14. U.S. Bureau of Economic Analysis | Gross Domestic Product (GDP) Price Index Open source
2018.04.13 - Definition - prices of domestic output, including exports

15. Julio Escolano - IMF | A Practical Guide to Public Debt Dynamics Open source
2010.01.27 - TNM 10/02 - debt ratios, growth, interest and primary balances

Scope: distinguish interview claims, history, empirical studies, baseline projections and models. Dates and populations follow each source; effect sizes
are not added together.
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15/ METHODOLOGY & USE

Methodology, disclaimer and use of this report

Distinguish documented facts, personal/institutional views, TradelLens judgments and illustrative calculations.

Item Applied basis

Analysis: 4 Oct 2026. Interview: 30 Nov 2025. Historical dates vary. CBO: Feb 2026 projection, not
current debt.

Dates and sources

. Ice, aluminum and light illustrate supply and quality-adjusted cost. Their past changes do not predict Al
History and the future o .
timing or prices.

Fixed basket 100; 50% affected; affected prices -40% — cost 80. Incomes of 100, 90 and 80 are

Model A - page 7 .
assumptions.

Initial debt/GDP 100%; nominal interest 4%; primary deficit/GDP 2.5%; nominal growth 3%, 5%, 7%;

Model B - page 10 .
ten years. Separate 6% interest stress test.

Noninterest spending 100; affected spending 20; affected prices -30%. A 20% volume rise and
Model C - page 11 . .
transition cost of 5 are separate conditions.

. Separate cost levels from growth, nominal GDP from living costs, and debt held by the public from
Interpretation and scope i .
gross debt. No asset-price or trading forecasts.

Models are not probabilities, U.S. forecasts or fiscal targets. Calculations precede rounding. Stock-flow adjustments, detailed tax rules and market
responses are not separately estimated.

Disclaimer

This report provides general information on macroeconomics, industries and the business structure, growth and profitability of
companies. It does not provide buy or sell recommendations, trading timing, fair or target prices, or individualized investment advice.
Information and analysis are as of the stated date; accuracy, completeness and continued currency are not guaranteed.
Forward-looking views, estimates and illustrative calculations involve uncertainty and do not guarantee principal or investment
returns.

Investment decisions remain the responsibility of the reader. Except where liability is established under applicable law, TradelLens is
not liable for investment losses arising from use of this report.

Copyright and restrictions on use

The text, charts, design, editing and structure of this report, insofar as TradeLens holds the relevant rights, are protected under
applicable law. Other than personal reading and storage, no part may be modified, edited, translated, reprocessed, reproduced,
transmitted, reposted, redistributed or sold without prior written consent. This applies to free or paid distribution in any form,
including files and screenshots. Removing logos, source citations or rights notices, or distributing the report under another party’s
name, is prohibited.

Uses permitted by law and the separate licensing terms of third-party materials remain subject to those provisions. For sharing, use
the report’s official TradeLens publication-page link.
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