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system is to achieve a comprehensive green transformation of the economy and society. Biomanufacturing, recognized
for its sustainable feedstocks, green processing, and significant industrial potential, has been reaffirmed as a future-
oriented key industry for high-tech green development in China. Currently, biomanufacturing is primarily applied in the
areas of pharmaceuticals, chemicals, energy, materials, agriculture, and food, yet its large-scale deployment remains
constrained by feedstock and energy supply. The green energy transition is another major goal of the 15th Five-Year

n

Plan, but it faces challenges in effectively matching "generation, storage, and utilization. " Meanwhile, rapid
urbanization in China has intensified pressures on the environment, employment, and spatial layout. The integration of
biomanufacturing with green energy and urbanization could expand the application scope of biomanufacturing,
optimize energy use, and simultaneously alleviate urban ecological and employment pressures, thereby revitalizing
green smart cities and urban industries and accelerating the green and low-carbon transformation of production and
lifestyles. To this end, we propose the concept of an "Urban Intelligent Metabolism and Biomanufacturing System" as a
new paradigm for the green and low-carbon development of future urban life and socio-economic activities. This article
introduces the background and core elements of this system, reviews its key technologies, and illustrates how
constructing an urban intelligent "metabolic space" in a megacity could generate a locally produced and consumed
biomanufacturing industry worth hundreds of billions of RMB annually. Leveraging biomanufacturing, future cities are
envisioned as "intelligent metabolic spaces" that combine efficient space utilization, zero-carbon economic growth,

enhanced employment, and livability.
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Fig.1 Synthetic Biology and Biomanufacturing. Synthetic biology, known as the "third biotechnology revolution," is leading

industrial transformation and giving rise to a new generation of biomanufacturing technologies
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Fig.2 Urban Intelligent Metabolism and Biomanufacturing System. Through " Al + distributed resource and energy harvesting +

microbial factories + low-altitude transport," a new urban green and circular industrial system can be constructed, which is

characterized by "everything to one" and "one to everything".
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Fig.3 An integrated pilot system for CO,capture from building/waste gas, electro-biological coupling for carbon resource
utilization at Westlake University. The system comprises a perovskite solar cell module, a carbon dioxide capture module, an
electrocatalysis module, and a bioreactor module. Among them, "green electricity for low carbon" utilizes renewable electricity to
drive (electro)chemical catalysis for converting CO: into basic feedstocks (e.g., formic acid, methanol, acetic acid, ethanol), enabling
the regeneration and recycling of carbon resources. "Low-carbon synthesis" relies on highly stable catalysts and gene-editing
technologies to construct efficient cell factories, which further convert these low-carbon feedstocks into high-value-added chemicals
and other products. "Al empowerment" leverages artificial intelligence, including protein large language models and high-
throughput automated experimental platforms, to achieve intelligent design of enzyme elements, optimization of metabolic
pathways, and enhancement of synthesis rates, thereby greatly accelerating the industrialization process of urban metabolism and

biomanufacturing
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(a) BRI T AN AT BT COAMBIG I AL 2 ALK COL AR . HIREE-F A LA, JFt— P85 G B 2L 7w M e ™ i
(a) Targeting CO: emission from bulldmgs in a megacity with a population over ten million, electrochemical conversion can be used to transform
CO, into platform chemicals such as methanol and formic acid, which are then further processed via biomanufacturing to produce high-value-added

products

38.25zx 12-305m

(b) W%E%ﬁ?ﬁ%@#&ﬂi%ﬁﬂ i “E OS5 AR AR, SRR “ gl s 7 A RaT B RS LE 80% 14D
(b) Leveraging biotechnology, urban plastic waste cab be converted from "white pollution" into recyclable bio-based materials, promoting a "green

wealth" pathway (calculated based on 80% of degradable plastics)
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(c) T R AR B3, M AE AREIR IR (i =0 S E R (A LR PHA RBUEMIE ) %012 BAR SR A R
(c) For food waste, a multi-pathway resource utilization system is envisaged, centered on energy recovery (e.g., biogas) and value-added

biofermentation (e.g., organic acids, PHA, and microbial protein)
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(d) In urban green spaces and surrounding agricultural systems, bio-pesticides can be used to replace traditional chemical pesticides, achieving

synergistic improvements in carbon reduction and ecological security, thereby demonstrating the comprehensive value of biomanufacturing
B4 A=l is B RE s i A B MR BR AR R VR R TR VA

Fig.4 Typical paths of biomanufacturing-enabled urban metabolism and indicative economic estimation
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