Alternative Technologies — Deep-Dive

Purpose. Layer 14 of the main paper sketches the technological alternative pathways; this text
works through them systematically and — more importantly — assesses them honestly by ma-
turity, cost, energy and ecological balance. The tone is deliberately sober: neither salvation
promise (“lab meat saves the world”) nor reflex scepticism, but a graded classification. The cen-
tral, often overlooked conclusion stands at the front: the cheapest, most proven and ecologically
best “alternative” is not a high technology but the plant itself (legumes, grains, vegetables).
High-tech is an option, not a precondition — and the expectation “we’ll wait for cultivated meat”
must not defer the plant shift that is available today.

Ordering grid. I sort the pathways into three maturity classes: mature (commercially estab-
lished), overhyped (technically fascinating, economically/at-scale unsolved) and proven-but-
unsexy (long since working, but with no venture-capital spotlight).

1. Precision fermentation — mature and scaling

What it is. Microorganisms (yeasts, fungi, bacteria) are genetically programmed to produce
specific target proteins — not biomass but defined molecules. The process has been industrially
proven for decades in insulin, rennet enzyme (chymosin) and vitamins.

Examples. Perfect Day makes animal-identical whey protein (B-lactoglobulin) via Trichoderma
fermentation — milk protein without a cow. Chymosin for cheese now comes largely from fermen-
tation, not calf stomachs. Solar Foods (Solein) produces protein biomass from hydrogen-oxidising
bacteria and CO2 — “protein from air”.

Assessment. Mature. The technology works, is regulated and partly on the market. Limits:
energy and sugar input (the microbes need a substrate), cost parity with commodity products not
yet reached everywhere. But it is the most developed “new” pathway.

2. Cultivated meat — technically real, economically unsolved (overhyped)

What it is. Animal muscle/fat cells are multiplied from a biopsy in bioreactors on a growth
medium and differentiated into tissue — meat without slaughter.

Regulatory milestones (verified). Singapore granted the world’s first commercial approval
in December 2020 (cultivated chicken by Eat Just/GOOD Meat). In the USA, Upside Foods (FDA
“No Questions” 11/2022) and GOOD Meat received clearance; USDA label approval came in
June 2023 — the first commercially cleared cultivated meat products in the USA.

The hard problems. (i) Cost & scale: the definitive techno-economic analysis (Humbird 2021,
Biotechnology and Bioengineering) is markedly sceptical — bioreactor costs, contamination risks
with animal cells (no immune system) and the need for high-purity growth medium fundamen-
tally question mass viability. (ii) Growth medium: long reliant on fetal bovine serum (ethi-
cally/economically problematic); serum-free media exist but are expensive. (iii) Energy/LCA:
the environmental balance is strongly electricity-dependent — on fossil power, cultivated meat
can score worse than conventional chicken; only on clean power clearly better. Assessment:
overhyped — a real, fascinating process, but no near-term mass substitute. To postpone the
dietary shift for it is, in effect, to defer it indefinitely.




3. Mycoprotein and fermentation biomass — proven but unsexy

What it is. Whole fungal/microbial biomass (not individual molecules) as food. Mycoprotein
(Fusarium venenatum, brand Quorn) has been produced commercially in fermentation tanks since
1985.

Assessment. Proven. Complete amino-acid profile, high fibre (B-glucan), favourable footprint
— about 90% fewer greenhouse gases, ~95% less land than beef (Smetana et al. 2015, Int. J. Life
Cycle Assess., doi:10.1007/s11367-015-0931-6). RCT evidence for favourable postprandial/LDL
effects (Bottin et al. 2016, Br. J. Nutr. 116(2):360-374, doi:10.1017/S0007114516001872). This
is the quiet success story: scaled, regulated, on the shelf for 40 years — just without startup

hype.

4. Microalgae and cyanobacteria — the overlooked pillar

What it is. Photo- or heterotrophically cultured algae (Spirulina/Arthrospira, Chlorella) and
microalgae (Schizochytrium). They supply protein, micronutrients and above all algal DHA —
the direct, fish-independent omega-3 source (Lane et al. 2014, doi:10.3390/nu6116402; cf. 0090-
B4 §C).

Assessment. Partly mature (DHA oils, supplements, spirulina), partly early (algae as a staple).
High land/protein efficiency, but processing and taste questions. Strategically important because
algal DHA defuses the strongest “you need fish” argument.

5. Plant-based analogues — available, but honestly framed

Meat analogues (Beyond Meat, Impossible Foods; the latter with fermentation-produced soy
leghemoglobin for the “bloody” effect) are mass-available. Honest nuance: many are ultra-
processed — not automatically “healthy” nutritionally, even though they score better ecologically
and ethically than the original. They are transitional and convenience products, not the dietary
base. The base remains unprocessed plant food.

6. Insects — the controversial pillar

Insect protein is marketed as efficient. Ethically it is not a clean solution: taking the sentience
question seriously shifts the problem quantitatively downward (more individuals) rather than
solving it (cf. master Layer 14; Gibbons et al. 2022, Adv. Insect Physiol. 63:155-229 on insect-
pain evidence). Ecologically sometimes favourable, ethically problematic — the ambivalence is
not argued away.

7. Honest overall assessment

Pathway Maturity Ecobalance Honest caveat
Legumes/grains (the complete best unsexy, no capital
“non-technology”) hype
Mycoprotein/fermentatimature (since 1985) very good limited market
biomass penetration



Pathway Maturity Ecobalance Honest caveat

Precision mature/scaling good cost parity not
fermentation (substrate/power- everywhere
dependent)

Microalgae / algal partly mature good processing, taste,

DHA cost

Plant-based mass-available good vs. meat often

analogues ultra-processed

Cultivated meat early, regulated (SG  power-dependent, cost/scale unsolved
2020, US 2023) unclear (Humbird 2021)

Insects partly mature partly good ethically problematic

8. Synthesis

First: there is a mature, scalable core (fermentation, mycoprotein, algae, plant staple food) —
the claim “there is no alternative” is false.

Second: the media-dominant pathway (cultivated meat) is the least mature — technically real,
but economically, energetically and at-scale unsolved (Humbird 2021). To sell it as a near mass
substitute is hype; to write it off entirely is premature. Saying both honestly at once is this text’s
position.

Third — the real point: the most effective, cheapest and ecologically best alternative is not a future
technology but the plant food available today. High-tech is welcome but not the condition of the
dietary shift. And the subsistence/class caveat applies here too: expensive high-tech alternatives
must not become the new access inequality — the legume is globally the most just solution.
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