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Bioenergy CHP - Sub-1 MW Thermoelectric
Exhaust Recovery

The European biogas fleet sits below the ORC economic threshold; a solid-state ring fits where
rotating machinery does not.

Europe operates more than 1,600 biomethane production facilities and a far larger installed base of
biogas digesters and small-scale CHP. The sub-1 MW segment that dominates the fleet is systematically
underserved by Organic Rankine Cycle (ORC) waste-heat recovery, which loses its economic case
below roughly 1TMWe. MicroPower's PowerRing wraps the exhaust pipe geometry already present on
every gas engine, has no moving parts, and operates in the 300-1,000 °C sweet spot of the PbTe /
TAGS chip platform. Sub-1MW biogas CHP is the structural gap; PowerRing fits where ORC does not.

1- The sector opportunity

A large, distributed, underserved fleet. The European Biogas Association's 2025 Statistical Report records
1,678 biomethane production facilities in early 2025, with 122 new plants added in 2024. Germany alone
operates roughly 9,000 biogas plants of all sizes. The EBA's count covers the grid-injection subset; the true
installed base of digesters, small-scale CHP, and agricultural co-generation is well into the tens of
thousands.

In the United States, the EPA's AgGSTAR programme lists 191 commissioned agricultural anaerobic-digester /
RNG systems with 69 more under construction; landfill RNG adds another 102 projects. The 45V hydrogen
production tax credit, finalised in January 2025, extended biogas-to-hydrogen pathways to up to $3.11/kg

of clean hydrogen - a material lift to project economics.
Relevance

Framework Target / instrument

REPowerEU (EU, 2022) 35 becm biomethane by 2030; ~5.2 bcm

produced 2024

RED Ill (EU, 2023) SAF 2% — 6% — 20%; advanced biofuels 5.5%

by 2030

IRA §45V (US, 2025) Up to $3.11/kg clean Hz; biogas pathways

eligible
IRA §45Q (US) Up to $85/t sequestered CO2

LCFS (California) Dairy RNG credits at ~15x fossil-gas equivalent

D3 RINs (US RFS) Manure digesters qualify for premium

renewable fuel credits
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Drives new-build CHP; pulls retrofit demand for
efficiency gains

Raises value of every incremental kWh recovered
from biogas fleet

Couples biogas heat recovery to hydrogen
production revenue

Aligns RNG + CCUS business cases
Makes sub-MW retrofit projects financeable

Adds durable revenue stack to small agricultural
projects
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Incentive values vary by jurisdiction and project vintage. The point is not that any one instrument is decisive;
it is that the stack of policy incentives on sub-MW biogas now rewards every percentage point of additional
efficiency - which is precisely the lever thermoelectrics can pull.

2 - Why sub-1 MW is the structural gap

ORC turbines recover power from 150-450 °C thermal streams using an organic working fluid in a closed
Rankine cycle. Above roughly 1 MWe, ORC economics are proven and compelling. Below 1 MWe, the fixed
cost of expanders, seal systems, heat exchangers, and controls does not shrink in proportion: capital
intensity per kW rises sharply and maintenance becomes disproportionate to revenue. Rotating-machinery
maintenance also competes with the site's existing engine service contract.

The EU biogas fleet is overwhelmingly built from CHP engines rated between 250 kW and 1 MWe. That
distribution reflects feedstock availability at farm and municipal scale. The combined effect is that the
majority of installed biogas plants have no commercially deployed waste-heat-to-power option today.

The PowerRing fit.

Geometry: wraps the exhaust stack already there - no new process footprint. Scale: modular; each ring adds
power in fixed units. Maintenance: solid-state, no rotating parts, no working fluid, no seals. Control overlap:
behaves electrically - no new mechanical crew required. Sweet-spot temperature: PbTe / TAGS modules operate
from a maximum temperature of 300-1,000 °C.

3 - Engine exhaust profile

Biogas CHP engine exhaust temperature is well documented across manufacturer datasheets and
independent operational sources. Typical exit gas temperature sits close to 450 °C at full load, with an
operational floor of about 180 °C that engines are controlled against to avoid acid condensation from

sulphur in the biogas stream.

Engine family Exhaust °C (full load) Notes

GE Jenbacher J420 ~1.5MWe 430-470 Flagship biogas CHP; large EU fleet

GE Jenbacher J624 ~4.5MWe 400-450 Upper end of CHP scale; below ORC
crossover

MWM TCG 2020/ 3016 0.4-2 MWe 420-480 Strong EU biogas share; dominant in DE / IT

Caterpillar CG132 / CG170 0.4-1.5MWe 430-510 Broad fuel tolerance; common in landfill /
WWTP

Wartsilé 31SG (natural gas) up to 10 MWe 380-420 Outside biogas norm; shown for BTM
context

For economic modelling we anchor to 450 °C as the typical primary-exhaust set-point.
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4 - Efficiency in biomass CHP

Champier (Applied Thermal Engineering, 2017) reviews TEG performance across biomass combustion and
reports system-level efficiencies in the 2-5% range with conventional bismuth-telluride (BiTe) commercial
modules at hot-side temperatures typical of wood and pellet boilers. BIOS BIOENERGIESYSTEME has
publicly described a TEG development programme with RIKA and the ERANET small-scale biomass CHP
project, confirming the research activity in this segment.

MicroPower's PbTe / TAGS chip platform changes the picture. Production-spec performance is 14% module
conversion efficiency at 550 °C (extrapolated from ARL's evaluation of MicroPower's standard modules;
independently confirmed by NREL against datasheet); installed-system efficiency after heat-exchanger
losses, thermal interfaces, and cold-side gradient is typically 6-10% under realistic field conditions. The
chip's high-temperature contact and thermal-interface structures were informed by an early MicroPower
collaboration with the U.S. Army Research Laboratory and have been substantially evolved internally since.
For a well-integrated PowerRing retrofit on biogas exhaust, the system-level operating point lifts from the
2-5% literature band into a 7-10% band. Exact site uplift depends on cold-side design, contact resistance,
and integration.

Design-challenge caveat — varying run rate. The 450 °C-t0-180 °C hot-to-cold temperature spread is
well-suited to MPG's materials; however, the low-temperature limit becomes a hard design constraint when
host-system run rate varies significantly — operating below 180 °C cold-side risks pulling the hot-side closer
to the PbTe commercial floor.

5 - Worked example - 500 kWe digester retrofit

A representative 500 kWe agricultural-scale anaerobic digester CHP retrofit. All figures are modelled from
literature-range values, not a site-specific quote; they are illustrative.

Parameter Source / assumption Value

Site class European mid-scale dairy AD 500 kWe Jenbacher J312-class
Engine exhaust temperature Reference datasheet ~450°C

Exhaust mass flow Engine reference, full load ~1.1kg/s
Recoverable thermal duty First-stage AT to ~180 °C cold side ~300 kW thermal
PowerRing system efficiency Champier 2017 + PbTe / TAGS module delta  7-10%

Gross recovered electricity Thermal duty x stage efficiency ~20-30 kWe
Parasitic load Cold-side pumps, controls ~10% of gross

Net added electricity Modelled net output ~18-27 kWe
Annual generation 8,000 operating hours ~145-215 MWh / yr
Gross revenue at €150/MWh Modelled avoided-cost proxy ~€22-32k / yr
Retrofit capex First-of-kind TEG retrofit literature band ~€120-220k
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Parameter Source / assumption Value

Simple payback Modelled ~4-7 years

Real payback moves with site-specific exhaust geometry, the host's avoided-cost electricity price, the
applicable LCFS / RIN / 45V adder, and retrofit installation downtime. The point is that a 500 kWe site is
inside the gap: ORC economics do not close at that scale, but a PbTe / TAGS ring retrofit closes in
single-digit years against a stacked policy-credit revenue base.

6 - Adjacent heat streams

Biomass boilers. Europe operates roughly 3,500 larger biomass heating plants in Austria alone and more
than 5,000 biomass boilers in Germany. District-heating operators such as Fortum (Finland) and Vattenfall
(Sweden) run large CHP installations where PowerRing positions as a primary power-generation addition
on heat-only boilers, and as an exhaust-temperature trim stage on existing CHP.

Commercial pyrolysis. PYREG (DE / CH / AT) operates at 500-750 °C across five-plus commercial plants.
Biomacon runs 400-800 °C across multiple installations. Carbofex operates 450-650 °C at commercial
biochar / bio-oil scale. CharTech Solutions runs high-temperature PFAS-focused modular pyrolysis. All sit
inside MicroPower's PbTe / TAGS operating window. Waste-heat recovery on pyrolysis exhaust is
attractive and not yet standard practice in this segment, with no packaged incumbent offering identified.
See the Pyrolysis paper (No. 10) for the deeper note.

7 - Deployment pathway and partner criteria

A first-wave PowerRing biogas project is most likely o succeed where the site operator has:

A biogas or biomass CHP plant in the 250 kW-1MWe range with accessible exhaust geometry.

An existing service relationship with a Jenbacher, MWM, or Caterpillar partner that can absorb the
retrofit coordination.

Access to one or more of: REPowerEU / EU co-funding, IRA 45V, LCFS / D3 RIN revenue, or local
renewable-heat incentives.

Willingness to treat the first deployment as a structured pilot: instrumented, time-boxed, with a clear

commercial roll-forward if performance targets are met.

MicroPower engages selectively with biogas operators, EPC partners, and investors interested in
first-deployment waste-heat recovery. Introductions and structured enquiries are welcome via the
MicroPower Global contact page.

Appendix - Emerging adjacency - biogas-to-hydrogen via MECs

An emerging research-stage adjacency, worth tracking for sites that already have advanced digester
operations and a hydrogen offtake case. Not part of a PowerRing sales proposal today.
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Virginia Tech and others have published on combined anaerobic digesters and microbial electrolysis cells
(MECs). The key finding is that coupling a MEC to an anaerobic digester can lift methane yield by up to 2.3x
relative to AD alone, and that the MEC's electrical demand can be partially sourced from the digester's own
waste heat. A TEG-powered MEC on a biogas skid creates, in principle, a closed-loop plant that produces
biomethane, electricity, and green hydrogen simultaneously. This configuration has not yet been
demonstrated at commercial scale; under the 45V hydrogen credit, the unit economics merit
re-examination.
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© 2026 MicroPower Global. All figures illustrative unless cited; worked-example outputs are modelled from literature ranges, not firm quotations.
Policy-incentive values as of early 2026 and jurisdiction-specific. The 14% module conversion efficiency figure is for the production PbTe / TAGS platform at 550
°C (extrapolated from ARL's evaluation of MicroPower's standard modules; NREL independently confirmed production modules met datasheet specification). For
site-specific modelling, contact MicroPower via www.micropower-global.com/contact.
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