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What this briefing answers

■ What does a kilogram cost today? A bottom-up
breakdown of growth media, bioreactors, labor,
energy and scaffolding.

■ How far can scale push costs down? A
cost-curve model from pilot (∼10 t/yr) to
commercial (∼10,000 t/yr).

■ Where is realistic break-even? Cost floors versus
commodity ($5–$10/kg) and premium ($20–$50/kg)
beef.

■ Is it actually greener? Land, water and
greenhouse-gas footprints against three published
beef baselines.

The one-line takeaway
Cultivated beef is on a credible path
to a premium, low-land, low-carbon
product — but near-term price parity
with commodity beef is not
supported by any transparent cost
model.

Sources: [Humbird, 2021, Vergeer et al., 2021, Sinke et al., 2023, Poore and Nemecek, 2018]

Cultivated Meat: A Clear-Eyed Reality Check 3



Section 1

Executive Summary

The plain-English verdict: credible claims vs. hype



The plain-English verdict

✓ CREDIBLE
■ Dramatic land savings — 97–99% less

land than beef in every scenario. This is the
most robust environmental claim.

■ Low-carbon meat is achievable — if
powered by clean electricity (down to
∼3.7 kg CO2e/kg).

■ A viable premium product — optimistic
cost floors (∼ $13/kg) can clear high-end
premium beef.

∼ IT DEPENDS
■ On a fossil grid, GHG advantage shrinks to

∼39% vs. feedlot beef.

× HYPE
■ “Price parity with commodity beef” — not

reached at any scale in any of our three
scenarios; even the optimistic asymptotic
floor ($13/kg) sits above $5–$10/kg beef.

■ “Green by default” — footprint is only as
clean as the energy and the
recombinant-protein supply chain behind it.

■ “Water-saving” — freshwater use is higher
than rain-fed grass-fed beef.

Bottom line: plausible premium-niche product this
decade — not a cheap commodity replacement.

Sources: [Humbird, 2021, Vergeer et al., 2021, Risner et al., 2021, Poore and Nemecek, 2018, Mattick et al., 2015]
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Three questions, three honest answers

The claim What the numbers say

“Cost parity with beef is near.” Consensus cost today ≈ $2,265/kg; best modeled
commercial floor ≈ $13/kg — still >commodity
beef.

“Giant bioreactor farms will make it
cheap.”

Scale helps enormously (∼100×), but media
chemistry, not tank size, sets the floor.

“Lab meat is automatically green.” True for land; true for carbon only with clean
power; false for water.

Sources: [Humbird, 2021, Specht, 2020, Poore and Nemecek, 2018, Mattick et al., 2015]
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Section 2

The Cost of a Kilogram Today

Growth media dominates — the tank is not the problem



Where the cost sits today (pilot scale, ∼10 t/yr)

Three published media-cost frameworks at identical pilot scale — chemistry, not throughput, drives the spread.

Sources: [Humbird, 2021, Vergeer et al., 2021, Specht, 2020, Mattick et al., 2015]
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Cost disaggregation: USD per kg edible meat

Cost component Conservative Consensus Optimistic
(Humbird) (central) (CE Delft/GFI)

Growth factors (recombinant proteins) 5,520 966 12
Basal media (glucose, amino acids, salts) 3,000 600 160
Bioreactors / CapEx amortization 488 488 488
Labor 238 197 160
Energy 5 4 4
Scaffolding / matrix 15 10 5

TOTAL ($/kg) 9,266 2,265 828

Read this: across every framework, media (growth factors + basal) is 60–90% of cost. At pilot scale, capital
and labor are amortized over tiny volumes but are dwarfed by media chemistry.

Sources: [Humbird, 2021, Vergeer et al., 2021, Specht, 2020, Risner et al., 2021]
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Why growth media — not the “bioreactor farm” — is the cost

■ Recombinant growth factors (FGF-2,
TGF-β, insulin, transferrin) are dosed in mg/L
but historically priced at $0.1–1 million per
gram.

■ Serum-free basal media at food scale still
costs orders of magnitude more than the
$0.63/L “target” occasionally cited by industry.

■ Bioreactor CapEx is real but amortizes away
with scale (capital-recovery factor ≈0.16;
10-yr/10%).

■ Energy and scaffolding are rounding errors on
cost today — but energy dominates the
environmental story (Section 5).

The investor lens
The binding constraint is a biologics
supply-chain problem, not a
civil-engineering one. Cheap food-grade
growth factors and media recycling /
perfusion are the levers that matter —
building bigger tanks alone does not deliver
parity.

Sources: [Specht, 2020, Kirsch et al., 2023, Post, 2012, Stephens et al., 2018, Swartz, 2021, Good Food Institute, 2024]
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Section 3

Scaling Dynamics

How far can volume and cheaper inputs push costs down?



The cost curve: steep decline, but a hard floor

CapEx scaled by the six-tenths rule; media costs decline with learning/volume. Log–log axes.

Sources: [Humbird, 2021, Vergeer et al., 2021, Garrison et al., 2022]
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Modeled unit cost across scale and scenario

Scenario Pilot Demo Commercial
∼10 t/yr ∼250 t/yr ∼10,000 t/yr

Pessimistic (Humbird-leaning) $13,068 $7,747 $4,385

Base / consensus $2,695 $859 $268

Optimistic (CE Delft / GFI) $702 $148 $33

All figures USD per kg edible meat. Scaling from pilot to commercial cuts cost ∼3× (pessimistic) to ∼21×
(optimistic) — a huge gain, yet the pessimistic curve never approaches food pricing. Scale is necessary but
not sufficient.

Sources: [Humbird, 2021, Vergeer et al., 2021, Risner et al., 2021, Garrison et al., 2022]
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What actually moves the curve

Genuine cost-down levers
■ Food-grade / recombinant growth factors at

≪ $1,000/g
■ Serum-free media formulation and recycling

/ perfusion
■ Higher cell densities and shorter doubling

times
■ Volume-driven CapEx amortization

(six-tenths rule)
■ Learning-curve declines on media inputs

What scale alone does not fix
■ If growth-factor chemistry stays expensive,

the floor stays high (pessimistic: $1,017/kg
asymptote)

■ Contamination / sterility overheads
■ Downstream processing and formulation
■ The gap between COGS parity and

profitable pricing

The scenarios differ almost entirely in media assumptions — the same lesson as the pilot-scale breakdown,
now compounded across a decade of scale-up.

Sources: [Specht, 2020, Kirsch et al., 2023, Humbird, 2021, Good Food Institute, 2024]
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Section 4

Break-Even Analysis

Against commodity beef ($5–$10) and premium beef ($20–$50)



The break-even gap

Circles = commercial-scale cost (10,000 t/yr); diamonds = asymptotic floor; bands = beef price targets.

Sources: [Vergeer et al., 2021, Humbird, 2021, U.S. Department of Agriculture, 2025]
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Break-even matrix: does the floor clear the target?

Scenario Commercial Cost Commodity Premium

cost‡ floor‡ $5–$10 $20–$50

Optimistic $33/kg $13/kg Not reached Reached†

Base $268/kg $53/kg Not reached Not reached

Pessimistic $4,385/kg $1,017/kg Not reached Not reached

† Optimistic reaches the $50/kg premium tier at ∼3,500 t/yr and the $20/kg tier only at ∼122,000 t/yr.
Commodity beef ($5–$10/kg) is unreachable in all three scenarios — each scenario’s cost floor sits above it.
‡ Commercial cost and floor are modeled COGS, not retail prices. Reference: US commodity beef ≈ $7/kg;
premium/wagyu $50–$300/kg.

Sources: [Vergeer et al., 2021, Humbird, 2021, Risner et al., 2021, U.S. Department of Agriculture, 2025]
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What break-even means for the business case

■ The realistic near-term market is premium:
high-end restaurant, blended/hybrid products,
and specialty proteins where $20–$50/kg is
viable.

■ Commodity ground-beef parity is a
long-horizon bet contingent on breakthroughs
in multiple bottlenecks at once — not a
this-decade certainty.

■ “Cost floor” is a best-case COGS, not a retail
price: margins, distribution and marketing sit on
top.

Diligence questions to ask
1. What is your audited $/L media cost —
today, not projected?
2. What growth-factor price and cell
density does your parity claim assume?
3. Premium niche or commodity? The
capital plan differs by orders of
magnitude.

Sources: [Vergeer et al., 2021, Specht, 2020, Garrison et al., 2022, Good Food Institute, 2024]
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Section 5

Environmental Footprint

Land, water and greenhouse gases vs. published beef LCAs



Cultivated vs. conventional beef: three baselines

Cradle-to-gate, per kg edible meat. Baselines: US feedlot, grass-fed, and global-average beef.

Sources: [Poore and Nemecek, 2018, Tuomisto and Teixeira de Mattos, 2011, Mattick et al., 2015, Sinke et al., 2023, Mekonnen and Hoekstra, 2012, Asem-Hiablie et al., 2019,

Capper, 2012, Nijdam et al., 2012]

Cultivated Meat: A Clear-Eyed Reality Check 20



Greenhouse gases: the energy source is the pivotal lever

Switching grid → 100% renewables cuts GHG ∼71% (12.7 → 3.7 kg CO2e/kg); electricity ≈20 kWh/kg.

Sources: [Mattick et al., 2015, Tuomisto and Teixeira de Mattos, 2011, Sinke et al., 2023, Poore and Nemecek, 2018]
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Environmental scorecard: where cultivated wins and loses

System GHG Land Water
kg CO2e/kg m2·yr/kg L/kg

Cultivated — 100% renewable 3.7 4.6 662

Cultivated — standard grid 12.7 4.2 710

US feedlot beef 21 40 700

Grass-fed beef 50 286 400

Global-average beef 60 164 550

LAND — decisive win: 97–99% lower than every beef system. GHG — win with clean power: 94% below
global-average beef on renewables; only 39% below feedlot on a fossil grid. WATER — the weak spot: roughly
on par with feedlot beef and ∼66% higher than rain-fed grass-fed beef. Inventory: direct process water
(∼420 L/kg) + agricultural media inputs (∼240 L/kg) + electricity cooling.

Sources: [Poore and Nemecek, 2018, Mekonnen and Hoekstra, 2012, Asem-Hiablie et al., 2019, Capper, 2012, Nijdam et al., 2012, Mattick et al., 2015,

Tuomisto and Teixeira de Mattos, 2011, Sinke et al., 2023]
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Synthesis: the credible-vs-hype scorecard

Claim Verdict Basis

Uses far less land CREDIBLE 97–99% lower in all scenarios

Can be low-carbon CREDIBLE∗ ∗only with clean electricity

Viable premium product CREDIBLE optimistic floor clears $50/kg tier

Green regardless of power CONDITIONAL grid power halves the GHG benefit

Saves water HYPE higher than grass-fed beef

Near-term commodity parity HYPE no scenario floor clears $5–$10/kg

The honest investment thesis: a high-value, land-light, potentially low-carbon premium protein —
contingent on clean energy and a transformed biologics supply chain — not an imminent replacement for cheap
ground beef.

Sources: [Humbird, 2021, Vergeer et al., 2021, Poore and Nemecek, 2018, Mattick et al., 2015, Good Food Institute, 2024]
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Methodology and key assumptions

Techno-economic model
■ Functional unit: 1 kg edible meat. Bottom-up

COGS: media, CapEx, labor, energy, scaffolding.
■ Growth-factor cost built from concentration × bulk

recombinant-protein price.
■ CapEx via capital-recovery factor (≈0.163; 10 yr,

10%); scaled with the six-tenths rule.
■ Three scenarios span the published literature

(Humbird → CE Delft / GFI).

Life-cycle assessment
■ Cradle-to-gate; GWP100 (IPCC AR6).
■ Cultivated inventory: ∼20 kWh/kg electricity,

agricultural media inputs, direct process.
■ Grid vs. 100% renewable electricity sensitivity.
■ Beef baselines from peer-reviewed LCAs (feedlot,

grass-fed, global average).

Two “pilot” numbers, by design: the Section-2 breakdown isolates media-framework effects at fixed pilot scale
(consensus ≈ $2,265/kg), whereas the Section-3 scaling model anchors a full learning-curve trajectory that
layers in scale-dependent declines (base pilot ≈ $2,695/kg). They are complementary lenses, not a discrepancy.
Limitations: TEA inputs rely partly on proprietary, non-reproducible industry data; results swing sharply with

media, cell-density and energy assumptions. Figures are directional, not audited company accounts.

Sources: [Humbird, 2021, Risner et al., 2021, Vergeer et al., 2021, Sinke et al., 2023, Mattick et al., 2015, Poore and Nemecek, 2018]
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The verdict in one line

A promising premium, land-light, low-carbon protein —
not a near-term cheap-beef replacement.

Land savings are real. Carbon savings need clean power.
Commodity price parity remains hype.


