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Abstract
Background. Direct air capture (DAC) using temperature-vacuum swing adsorption requires electricity 
and low- to medium-temperature regeneration heat. Data centres reject heat that may be available for this 
purpose, but the temperature, timing and emissions intensity of that heat determine whether integration 
produces additional net atmospheric removal. An earlier design document by the author (the DACR–
HSDC concept) proposed such a coupling with a two-phase carbon-dioxide compute-cooling loop and 
campus-scale removal estimates.

Questions. (1) Is the proposed two-phase CO₂ compute coolant at 45–60 °C physically feasible? (2) What 
thermodynamic bound governs lifting recovered compute heat to sorbent-regeneration temperature, and 
which measured quantities determine whether the coupling saves energy relative to separately operated 
facilities? (3) What accounting boundary converts gross captured CO₂ into net durable removal? (4) What 
measurements and decision gates would support or falsify the coupling before a site-specific 
demonstration?

Methods. Selective engineering review of the DAC, data-centre thermal-management and carbon-
accounting literature, one closely related modelling preprint, and reference property data for carbon 
dioxide (NIST), combined with first-principles steady-state balances and a reversible-cycle bounding 
calculation. No experiment, site dataset or validated system model is presented.

Results. (1) No: pure CO₂ has a critical temperature of 30.98 °C, so saturated boiling at 45–60 °C is 
impossible; the two-phase loop is withdrawn and warm-water liquid cooling (ASHRAE W32/W40) is 
adopted as the reference case. (2) The reversible heating COP bounds performance at about 4.1–5.9 for 
refrigerant-side source temperatures of 24–37 °C (facility water 32–45 °C) and sink temperatures of 100–
120 °C; achievable annual COP, avoided cooling energy and removal tonnage are not established and 
depend on hourly source-heat availability, temperature approaches, part-load behaviour and fallback 
rejection. (3) Net durable removal equals stored atmospheric CO₂ minus reversals minus attributable 
lifecycle emissions on one consistent boundary; a heat-pump COP is not a campus-wide removal ratio, 
and captured-carbon products do not confer durable storage. (4) Four sequential gates (validated process 
model; rack-level heat-recovery test; audited lifecycle and storage pathway; site demonstration) are 
specified with pass/fail criteria.



Conclusions. Data-centre heat can plausibly reduce part of the regeneration energy of solid-sorbent DAC, 
but only measured heat at an appropriate grade, additional low-emission electricity and verified durable 
storage, counted on a common boundary, would establish net removal. Earlier claims of water 
independence, subsidy-free economics and gigaton-scale deployment are withdrawn pending the gates 
defined here. Colorado siting constraints are used as a worked application of the gates, not as a validated 
deployment plan.

Keywords: direct air capture; data centres; waste heat recovery; heat pumps; carbon dioxide removal; lifecycle 
assessment; temperature-vacuum swing adsorption

Plain-language summary
Data centres release heat, and some machines that remove carbon dioxide from the air need heat. 
Connecting them could reduce the energy needed for carbon removal, but only if the heat is at a useful 
temperature and the added electricity comes from a sufficiently low-emission supply. This review corrects 
a design error in a longer project document: carbon dioxide cannot boil as a two-phase coolant at the 
proposed 45–60 °C chip temperatures. It treats warm-water cooling as the starting point and any carbon-
dioxide coolant as a separate design to test. The paper describes measurements, safety reviews and carbon 
accounting needed before a combined facility could claim net removal. It does not report a working 
installation or a verified cost saving.

1. Introduction
Removing carbon dioxide from ambient air and storing it durably may help balance residual emissions 
and, if sustained net-negative emissions become feasible, reduce overshoot. This role remains additional 
to deep emissions reductions, not an alternative to them (IPCC 2023). Engineered direct air capture 
(DAC) must operate at low atmospheric carbon-dioxide concentration and is sensitive to energy source, 
ambient conditions, capital cost and storage availability (Sabatino et al. 2021; Wiegner et al. 2022). 
Meanwhile, electrical work supplied to servers and supporting equipment eventually becomes heat, 
though the fraction recoverable at a specified temperature varies by cooling technology, heat-exchanger 
approach and operating state (Ebrahimi et al. 2014).

One opportunity is to use recoverable computing heat as the low-temperature source of a heat pump 
supplying a solid-sorbent DAC regeneration process. Fang et al. (2026) model this general coupling 
across United States regions and report improved modeled removal and levelized cost under their 
assumptions. Their work is an arXiv preprint, not evidence that a particular campus has been built or that 
its modeled performance has been independently demonstrated. This paper asks whether, and under what 
measurable conditions, such an integrated concept could be made testable, and it applies the answer to an 
earlier technical brief by the present author that requires correction. The emphasis is on system 
boundaries and falsifiable performance rather than on a predetermined removal target.

1.1 Research questions

The review is organised around four questions. Each is answered in Section 3 and summarised in Table 3.

RQ1. Is the two-phase carbon-dioxide (R-744) compute-cooling loop proposed in the earlier DACR–
HSDC document, boiling near 45–50 °C and returning at 55–60 °C, physically feasible?

RQ2. What thermodynamic bound governs the heat-pump lift from recovered compute heat to solid-
sorbent regeneration temperature, and which measured quantities decide whether the coupled plant 
uses less energy than separately operated computing and DAC facilities?



RQ3. What accounting boundary converts gross captured CO₂ into net durable atmospheric removal, 
and which earlier claims (coolant inventory, utilisation products, campus-wide removal ratios) fail 
that boundary?

RQ4. What minimum measurement plan and sequential decision gates would allow the coupling to 
be supported or falsified before a site-specific demonstration is proposed?

2. Methods

2.1 Review scope and sources

This selective engineering review draws on published DAC, data-centre thermal-management and carbon-
accounting literature, a recent related preprint, and property data for carbon dioxide. It is not a systematic 
review, a detailed design, a measured field study, or a techno-economic assessment with independently 
validated inputs. The earlier campaign-oriented DACR–HSDC deployment document contained 
promotional estimates, regional siting claims and a proposed coolant scheme; none is treated here as an 
established result. The review instead identifies the minimum balances and operating tests needed to 
compare a coupled plant with separately operated computing and DAC facilities. A formal model and 
site-specific safety case are future work.

2.2 Property data and bounding calculation

Carbon-dioxide phase feasibility (RQ1) is tested against the critical-point values in the NIST reference 
equation of state (NIST 2026). The heat-pump bound (RQ2) is obtained from the reversible (Carnot) 
heating coefficient of performance, COP_rev = T_hot / (T_hot − T_cold), with absolute temperatures 
taken at the refrigerant side after assumed heat-exchanger approaches. Source temperatures follow 
ASHRAE liquid-cooling facility-water classes W32, W40 and W45 (ASHRAE 2021); sink temperatures 
span the regeneration range reported for solid-sorbent temperature-vacuum swing processes, 
approximately 80–120 °C depending on material and process design (Sabatino et al. 2021; Wiegner et al. 
2022). These bounds are upper limits for an ideal cycle and are used only to frame what a site model must 
measure.

2.3 Accounting framework

Net removal (RQ3) is defined by a period- and boundary-consistent balance following IPCC (2023) and 
the CRCF direct air capture protocol (Isometric 2026). The measurement plan and gates (RQ4) are 
derived from the quantities that appear in the balances of Sections 3.2 and 3.3; each gate states the 
evidence that would pass or fail it.

3. Results

3.1 RQ1 — The two-phase CO₂ compute coolant is not physically feasible
The original proposed design described pumped two-phase R-744 (carbon dioxide) boiling near 45–50 °C 
and returning at 55–60 °C. This is physically inconsistent for pure CO₂. NIST lists its critical temperature 
at 304.1282 K (30.9782 °C) and critical pressure near 7.377 MPa (NIST 2026). A 45–60 °C CO₂ stream 
cannot undergo ordinary saturated liquid–vapour boiling at any pressure; a cycle crossing below the 
critical temperature would be a different design, not validation of the original claim. The proposed 
reference architecture therefore removes the two-phase CO₂ compute loop altogether. Every heat-transfer, 
pumping, power and cost estimate derived from that loop must be recalculated rather than carried 
forward.



Two physically distinct research options remain. One is a subcritical R-744 loop whose evaporating 
temperature stays below its critical temperature; this changes the chip-to-coolant approach temperature, 
pumping/compression work and lift to DAC regeneration, and requires a new rack-level feasibility 
analysis. The other is a single-phase or supercritical CO₂ compute-cooling concept at higher temperature 
and pressure; it cannot claim the latent-heat benefit of two-phase boiling. Both would need pressure-
containment, leak detection, serviceability and transient testing. Neither is assumed equivalent to the 
warm-water reference case. In particular, captured atmospheric CO₂ used as the initial working-fluid 
inventory in a closed cooling loop is not itself a recurring removal stream: losses and end-of-life 
disposition determine its net carbon accounting.

Answer to RQ1: No. The reference architecture therefore uses warm-water liquid cooling, and any 
R-744 variant is a separate design requiring its own feasibility analysis.

3.2 RQ2 — Thermodynamic bound and the quantities that decide energy savings
In a temperature-vacuum swing adsorption configuration, air passes through a solid sorbent and captured 
carbon dioxide is released by heating and/or lowering pressure. The exact useful heat temperature, heat 
demand per tonne, electrical demand, sorbent replacement rate and purity of the captured stream depend 
on the material and process design (Sabatino et al. 2021; Wiegner et al. 2022). It is misleading to assign 
every solid-sorbent plant one universal temperature or claim that regeneration heat is always a fixed 
percentage of total cost. Fans, vacuum equipment, heat pumping, compression, construction and storage 
remain relevant even if some regeneration heat is recovered.

The reference integration begins with a warm-water liquid-cooled compute loop. ASHRAE’s W32 and 
W40 classes describe facility-water supply temperatures of 32 and 40 °C, not chip temperatures or 
guaranteed return-water temperatures; equipment compatibility and vendor limits still control the actual 
choice (ASHRAE 2021). A heat exchanger delivers a measured portion of recoverable load to the 
evaporator of a separate industrial heat pump. The heat-pump condenser supplies a temperature 
appropriate to the chosen DAC sorbent cycle; neither the class designation nor the existence of server heat 
guarantees sufficient temperature lift, duty cycle or capacity. Remaining compute heat requires an 
independent rejection route, such as dry coolers where climate and design permit, whenever DAC demand 
is low, maintenance interrupts capture, the heat pump trips, or ambient conditions impair performance 
(DOE 2024). A thermal store may smooth short mismatches, but it cannot replace a quantified seasonal or 
outage balance. The facility must protect compute availability and isolate sorbent, refrigerant and chip-
cooling circuits.

Heat-pump performance must be stated at a precise system boundary. For a simplified steady-state heat 
pump, delivered heat equals source heat plus heat-pump electrical work, before explicitly excluded losses. 
Heating COP is delivered heat divided by heat-pump electrical work at the same boundary. The source-
side heat cannot exceed metered recoverable computer heat after exchanger losses and competing uses. 
Neither these identities nor an assumed coefficient of performance specifies annual energy use: source 
and sink temperatures, exchanger approach, part-load efficiency, auxiliary pumps and fans, outages and 
backup heat must be measured or modeled. The R-245fa refrigerant mentioned in an earlier proposal is 
not specified for this reference case; refrigerant selection requires separate safety, leakage, climate-impact 
and regulatory review.

The ideal reversible heating COP at absolute hot- and cold-side temperatures is the hot-side absolute 
temperature divided by the difference between hot- and cold-side absolute temperatures; it is an upper 
bound for an ideal cycle, not an achievable annual plant COP. Finite temperature approaches at both heat 
exchangers increase the lift above the difference between measured water temperatures; compressor, 
drive, pump and distribution losses reduce delivered performance further. A site calculation must report 



simultaneous hourly heat-recovery potential, the heat pump’s source and sink conditions, DAC heat 
demand and fallback rejection. It must compare integration with a specified conventional cooling and 
separately supplied DAC baseline, not count recovered heat as both cooling savings and new heat 
generation. No numeric COP, avoided cooling energy or carbon-removal tonnage is established by this 
review.

Table 1 evaluates the reversible bound for representative refrigerant-side temperatures. Evaporating 
temperature is taken 8 K below facility-water supply to allow for exchanger approach; condensing 
temperature equals the assumed regeneration set point. Achievable heat pumps deliver a fraction of these 
values after compressor, drive and part-load losses, and a site model must replace them with measured 
hourly data.

Table 1. Reversible heating COP upper bounds for representative source and sink conditions (ideal cycle; not 
achievable plant performance).

Facility water (ASHRAE class) Assumed evaporating T Assumed condensing T COP_rev = 
T_h/(T_h−T_c)

32 °C (W32) 24 °C (297 K) 100 °C (373 K) 4.9

32 °C (W32) 24 °C (297 K) 120 °C (393 K) 4.1

40 °C (W40) 32 °C (305 K) 100 °C (373 K) 5.5

40 °C (W40) 32 °C (305 K) 120 °C (393 K) 4.5

45 °C (W45) 37 °C (310 K) 100 °C (373 K) 5.9

45 °C (W45) 37 °C (310 K) 120 °C (393 K) 4.7

Figure 1. Reference heat-pump boundary and warm-water cooling. All site temperatures, duties and COP require 
measurement.

Answer to RQ2: The reversible bound lies between roughly 4 and 6 for the stated conditions, so a 
real heat pump will deliver each unit of regeneration heat for a substantial fraction of a unit of 
electricity. Whether that beats separately operated facilities is decided by five measured quantities: 
hourly recoverable source heat, refrigerant-side temperature lift, part-load COP, auxiliary and 
fallback-rejection electricity, and the emissions intensity of the electricity actually supplied. None is 
established by this review.



3.3 RQ3 — The accounting boundary for net durable removal
Gross carbon dioxide captured at a DAC contactor is not net atmospheric removal. For a stated period and 
boundary, an indicative calculation is net durable removal = atmospheric CO₂ initially injected or 
mineralized minus subsequent losses or reversals minus attributable lifecycle greenhouse-gas emissions 
expressed in CO₂-equivalent. The result must use one consistent monitoring period and avoid subtracting 
a loss twice if the storage measurement is already a net retained amount. The accounting method must 
also specify permanence, uncertainty and who may claim the removal (Isometric 2026). A defensible 
inventory includes manufacture and installation of DAC and incremental compute/power equipment 
where attributable; electricity and heat added by integration; refrigerant leakage; replacement sorbents; 
capture and compression; transport; storage injection and monitoring. A separate consequential 
comparison evaluates whether integration improves on independently operated computing and DAC and 
whether power or heat is diverted from better alternative uses. Do not simply assign the entire baseline 
compute load to DAC, nor automatically treat it as zero-emission waste heat. Dedicated power may lower 
operating emissions if additional and reliable, but no project-specific quantity has been measured here 
(IPCC 2023; Isometric 2026).

The preferred climate outcome is durable storage of atmospheric carbon dioxide with monitored 
permanence, such as appropriately permitted geological storage or demonstrably stable mineralization. 
Making a fuel or methanol from captured CO₂ usually returns carbon to the atmosphere on use. 
Carbonated building products can vary in storage fraction and lifetime. A polymer made using captured 
carbon is not thereby biodegradable, and biodegradation is not synonymous with carbon neutrality if its 
carbon becomes CO₂ or methane or if production emits greenhouse gases. Each proposed product requires 
a separate lifecycle and end-of-life assessment. The same tonne cannot simultaneously be sold as a 
verified durable-removal credit and counted in a short-lived product without a rigorous, non-duplicative 
accounting rule.

An electrical compute rating cannot be converted directly into DAC tonnage. Nearly all input electrical 
energy ultimately becomes heat somewhere, but the fraction recoverable at a usable temperature and time, 
after equipment losses and competing heat uses, has not been established for this proposal. At each time 
step, measured recoverable source heat must bound heat-pump uptake; condenser output equals that 
uptake plus heat-pump electrical work within the defined boundary; actual sorbent heat delivered is lower 
after distribution losses and must be matched to the process demand. Fans, vacuum, cooling, 
compression, backup heating, downtime and the emissions of their electricity remain additional. Fang et 
al. (2026) offer model scenarios, not transferable campus-wide removal or cost guarantees.



Figure 2. Gross capture, durable storage and net-removal accounting are different quantities.

Answer to RQ3: Net durable removal = atmospheric CO₂ durably stored − subsequent reversals − 
attributable lifecycle emissions, on one period and boundary. Coolant inventory, utilisation 
products and a heat-pump COP applied to a compute rating all fail this test and are withdrawn as 
removal claims.

3.4 RQ4 — Measurement plan and decision gates
At minimum, a pilot should report time-resolved server electrical load; useful heat recovered at metered 
inlet and outlet conditions; heat-pump source and delivery temperatures, electrical draw and part-load 
COP; heat delivered to the sorbent; ambient temperature and humidity; contactor capture rate; the 
electricity used by fans, vacuum, pumps, compression and dry coolers; downtime and curtailment; 
capture-stream purity; storage injection and leakage monitoring; and marginal emissions intensity of the 
actually supplied power. Measurement uncertainty and calibration should accompany every reported 
tonne. A comparison facility or defensible modeled counterfactual should establish whether co-location 
outperforms separately optimized cooling and capture under the same boundary.

The first gate is a corrected process-flow and property model with explicit CO₂ phase state, temperature 
approaches, compressor or pump maps and sensitivity to climate and server utilization. Results should be 
reproducible from declared inputs, with the warm-water baseline and any alternative R-744 or single-
phase CO₂ cooling modeled separately. The second gate is benchtop and rack-level testing of heat 
recovery without compromising chip reliability or safety. A heat-pump and DAC test rig must then 
demonstrate performance at variable loads and realistic ambient conditions, not only a single steady 
design point.

The third gate is an independently audited lifecycle and consequential-power assessment, plus a storage 
pathway with verifiable monitoring, reporting and verification. Its output is net tonnes durably stored, not 
merely gross tonnes captured, coolant inventory, or revenue from carbon-containing products. The fourth 
gate is a site-specific demonstration with an operating budget, safety case, reliable fallback heat rejection, 
clear responsibility for outages and community review. Only after reproducible results should a larger 
campus, public enterprise arrangement or scaled removal estimate be proposed. These gates could yield a 
modified design or a negative result; both would be informative.

Table 2. Sequential decision gates with pass and fail evidence.



Gate Evidence required Passes if Fails if

1. Validated process 
model

Process-flow and property model with 
explicit CO₂ phase state, exchanger 
approaches, compressor/pump maps, 
climate and utilisation sensitivity; warm-
water and any R-744 case modelled 
separately

Results reproducible from 
declared inputs; hourly heat 
balance closes; modelled 
COP within measured 
equipment maps

Balance requires 
unmetered heat; COP 
exceeds reversible bound; 
results not reproducible

2. Rack-level heat 
recovery

Benchtop and rack tests of heat recovery 
at ASHRAE W32/W40 without chip-
reliability or safety compromise; heat-
pump and DAC rig at variable load and 
ambient

Recovered heat at usable 
grade meets modelled 
fraction across load range; 
no thermal-reliability 
excursions

Recoverable grade or 
quantity below model; 
compute availability 
degraded

3. Audited lifecycle 
and storage pathway

Independent lifecycle and 
consequential-power assessment; Class 
VI or equivalent storage pathway with 
MRV

Net tonnes durably stored > 
0 after all attributable 
emissions; storage permit 
pathway credible

Net removal ≤ 0 or 
unquantifiable; no 
permitted storage route

4. Site 
demonstration

Operating budget, safety case, 
independent fallback heat rejection, 
outage responsibility, community review

Measured net removal and 
cost compared against 
separately operated baseline 
on same boundary

Coupled plant does not 
outperform baseline; 
safety or community 
conditions unmet

Answer to RQ4: A four-gate sequence with the evidence in Table 2. Gates may return a modified 
design or a negative result; either outcome is informative.

3.5 Summary of answers
Table 3. Research questions, findings and status of evidence.

Question Finding Evidence status

RQ1 Two-phase CO₂ coolant at 45–
60 °C

Physically impossible above 30.98 °C critical 
temperature; withdrawn

Established (NIST 
property data)

RQ2 Heat-pump bound and deciding 
quantities

COP_rev ≈ 4–6 for stated conditions; five 
measured quantities decide savings

Bound established; plant 
values unmeasured

RQ3 Net-removal boundary Stored − reversals − lifecycle emissions on one 
boundary; earlier ratio and product claims fail

Framework established; 
no project quantity

RQ4 Gates Four sequential gates with pass/fail evidence Proposed; untested

4. Discussion

4.1 Architecture implications
Figure 3 replaces the prior fixed removal trajectory, model-specific heat-pump schematic and 
quantitatively asserted campus architecture. They do not report a working facility or predict annual 
removal.



Figure 3. Proposed campus architecture: distinct heat, coolant and power systems with backup cooling and 
qualified storage.

4.1.1 Power conversion is a different loop

The earlier concept also contemplated a dedicated, fully islanded campus power system using wind, solar, 
storage, enhanced geothermal and possibly licensed small modular reactors. A sealed supercritical-CO₂ 
Brayton power-conversion loop was suggested for a compatible high-temperature heat source and dry 
heat rejection. That is physically separate from both a compute coolant and the DAC heat-pump 
refrigerant, even if each uses a carbon-dioxide working fluid. Availability of an appropriate reactor outlet 
temperature, heat exchanger, turbine, precooler, licensed safety design, backup supply and firm reserve 
cannot be assumed. A proposed dry-cooling advantage must be evaluated against hot-weather derating, 
fan power, capital cost and plant safety. Neither an islanded label nor an sCO₂ cycle proves zero water 
use or zero emissions across construction, fuel supply and operation.

4.2 Economic and infrastructure tests
The proposed commercial structure combines a private compute anchor customer with a separate capture 
project, dedicated generation and verified storage offtake. Its potential advantage is shared use of thermal 
interfaces, land planning and selected infrastructure; its liabilities include complex contracts, operational 
interdependence and competition for capital and electricity. A cost comparison must annualize equipment 
and financing under common assumptions, value heat against its next-best use, count the cost of capacity 
kept available for outages, and separate revenue for permanent removal from revenue for CO₂ utilization. 
The earlier assertion that feedstock sales automatically eliminate dependence on tax credits or voluntary-
market premiums is not established by the engineering concept.

The proposed Colorado public-enterprise and private-capital arrangements are governance options, not 
existing permits, statutory exemptions or guaranteed long-term contracts. Site selection requires 
independent evidence on geology and pore-space rights, grid interaction, land and water, transmission and 
distribution, geothermal resource quality, nuclear licensing if relevant, environmental justice and 
community consent. A “fully islanded” design additionally needs a tested black-start strategy, reserves, 
fuel and storage duration, protection coordination and a transparent definition of emergency imports or 
exports. Commercial feasibility and physical feasibility are separate gates.

Shared thermal interfaces, power planning and storage access might create value, but heat pumps and 
backup cooling add capital and electricity costs. The financially relevant comparison includes annualized 



capture equipment, dedicated generation and storage, uptime, alternative heat value, sorbent replacement, 
qualified storage fees, financing, contracts, and realistic markets for each product. A quoted voluntary-
credit price is not a guaranteed floor. A market for short-lived CO₂ products cannot automatically support 
permanent-removal credits. Section 45Q eligibility and economics must be examined under current law 
and actual contract terms, not presumed unnecessary.

The four multipliers proposed in the earlier document for dedicated power, per-site DAC expansion, 
multi-state replication and utilization demand were not derived from an integrated deployment model. 
They cannot be multiplied into a credible gigaton-per-year result. Larger DAC capacity beyond 
recoverable compute heat would need additional heat and power, and multiplying sites raises further land, 
materials, storage, workforce and finance constraints. A gigaton-scale objective can remain a campaign 
aspiration, but it is not a forecast or a result independently established by Fang et al.

4.3 Worked application of the gates: constraints for a Colorado site
The following applies the gates of Section 3.4 to the siting conditions assumed in the earlier document. It 
is an application of the framework, not a validated deployment plan.

4.3.1 Dedicated power

The proposal retains a dedicated, fully separated normal-operation campus microgrid to avoid relying on 
public utilities for routine compute and DAC electricity. Wind, solar, storage and potentially 
characterized enhanced geothermal form the intended backbone; a licensed SMR is a possible firm 
addition if alternatives prove insufficient. “Behind the meter” does not itself resolve hour-by-hour 
capacity, reserve margins, maintenance, grid interconnection or emergency import/export. An islanded 
site must demonstrate seasonal adequacy, protection, black start, stability and a transparent rule for any 
standby connection and its cost. A nuclear module is not an assumed day-one solution. Safety and 
emergency planning are design- and site-specific; a small module has no automatic site-boundary 
emergency zone or guaranteed accident-free behavior (NRC final rule).

Dry cooling might reduce evaporative use but requires its own heat-rejection, fan-energy and hot-weather 
performance assessment. A no-evaporative-tower objective is narrower than a zero-water campus. Fire 
protection, domestic uses, reactor selection, DAC process needs and maintenance require a permitted site-
wide water balance. The earlier 0.00 gal/day and blanket water-independence claims are withdrawn.

4.3.2 Siting and storage

The Eastern Plains and other Colorado regions may be evaluated against verified resource quality, fiber, 
land title, environmental justice, geology, pore-space ownership, water rights, power reliability and 
community support. An elevated site is not inherently a lower-energy DAC site: lower air density changes 
volumetric airflow, fan performance and capture contactor sizing, and any net advantage must be 
modeled. Neither the Denver-Julesburg nor Piceance basin is automatically a permitted storage site. Class 
VI wells require site characterization, plume and pressure modeling, corrective action, monitoring, 
emergency response and financial assurance to protect underground drinking-water sources (US EPA 
Class VI requirements).

The CCDA would be a proposed public coordination and contracting body, subject to legislation and 
legal review. It cannot grant itself existing pore-space ownership, Class VI injection permits, nuclear 
licensing, TABOR exemption, automatic private equity, or a guaranteed state offtake market. A proposed 
financing model should disclose who provides capital, who assumes construction and long-term storage 
liabilities, what public guarantees exist, how labor and community benefits are enforced, and whether any 
ratepayer or taxpayer exposure remains.



4.4 Limitations
This is a selective, not systematic, review. The reversible-COP table is a bounding calculation with 
assumed approaches, not a design. No sorbent, heat pump, cooling equipment or storage site is specified, 
so no removal tonnage, cost or emissions figure is reported. The only closely comparable modelling study 
(Fang et al. 2026) is itself a preprint. The author's advocacy roles are disclosed below and may be 
perceived as relevant to the framing.

5. Conclusions
Integrating data-centre waste heat with solid-sorbent DAC is a testable way to improve a capture plant’s 
thermal supply, not an intrinsic property of every compute campus. The heat-pump, capture and power 
systems must be evaluated on common hourly, lifecycle and counterfactual boundaries. A physical 
inconsistency in the earlier two-phase R-744 proposal has been identified and removed from the reference 
architecture. The conservative starting point is warm-water compute cooling with a separately specified 
heat pump and an independently designed heat-rejection fallback.

The proposal’s scientific claim is limited: measured heat at an appropriate grade may reduce some DAC 
regeneration energy when the additional electricity and durable storage are supplied and counted 
correctly. Commercial net-negative operation, economy without subsidies, water independence, Colorado 
siting and large-scale deployment remain to be demonstrated. Independent pilot data should determine 
whether this design improves on other uses of clean energy and waste heat.
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Appendix A. Context figure
Figure A1 summarises, from the author's companion preprint, indicators shared across major past extinctions, 
known feedbacks and the proposed intervention portfolio within which DACR–HSDC is one element. It is 
provided for context and is not part of the results of this review.



Figure A1. Prior extinctions, known feedbacks and response portfolio (Komor 2026).
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