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An Evaluation of Novel Nutrient Recovery and Dewatering Pathways
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Overview. Anaerobic digesters are a strategic arena for nutrient recovery operations. In this context, iron and/or
aluminum salts are often added to remove soluble nutrients from digesting biosolids. Iron-mediated phosphate
and sulfur precipitation processes are well-understood under anaerobic conditions, and while soluble iron additions
offer predictable nutrient control, this practice limits nutrient recovery options. Iron reagents are relatively
expensive, corrosive and hazardous; further, they introduce notorious scaling problems to solids handling
processes as well as chloride tolerance challenges with such increasing cost(s) that this practice is becoming
unsustainable.

Low value industrial by-products are being identified as feasible alternatives to conventional iron addition,
including selective solid phase sorbents (Li, et al 2021). These sorbents include granulated iron- and steel-making
residuals, readily available as slags (Yu, 2020). When introduced to biosolids, micronized slag grains can
immobilize soluble phosphate and sulfide on their surfaces (Roychand et al, 2020); this approach operates through
a markedly different nutrient removal mechanism than conventional aqueous iron precipitation processes. Recent
pilot studies showed that the engineered addition of milled steel slag grains to mesophilic anaerobic digesters can
be effectively operationalized to sequester phosphate and sulfide from the supernatant, while enhancing alkalinity
(Caicedo-Ramirez et al, 2019). This approach also offers novel nutrient recovery pathways that are not available
with conventional ferric addition. While granulated steel slag has proven effective at removing soluble phosphate
and sulfides from digesting biosolids and centrates (Imran, et al 2025), questions about associated costs and
nutrient recovery potential still remain.

In response, the upcycling of milled steel slag (micronized from a US steel mill tailings) was competitively
analyzed for nutrient removal performance against conventional ferric chloride, which is commonly used for
sulfide and/or phosphorus control in municipal anaerobic digesters. This comparison was based on months of
observations of both bench scale (4L) and full scale mesophilic anaerobic digesters (4000 m®) operations.

Methods. Four bench scale anaerobic digesters (4L) operating at a 20 day residence time (SRT), were fed a 1:1
solids mixture (mass basis) of fresh settled primary sludge and waste activated sludge for several months as
previously described by Caicedo-Ramirez and coworkers (2019). During this time, one of the digesters received
ferric chloride (effective dose 1.6 g/L (38% FeCl3); another received 1 g/L steel slag fines; another 3 g/L steel slag
fines; and another received no chemical amendment (control). These amendments represent common dosing
range(s) reported in literature (ibid) as well as the source wastewater treatment plant (Boulder, CO, USA) of fresh
settled sludges used for nutrient control; the dose-responses of the digesters are categorically summarized below.
A single slag dosing scenario is ongoing in a full-scale replacement trial, where ferric chloride is being replaced
by micronized steel slag (c.a. 1.5 g/L).

Results. When adding micronized slag grains to actively digesting biosolids, a clear dose-response pattern was
observed with respect to the soluble phosphate content of the digesters’ supernatant, as well as hydrogen sulfide
partitioning into the digester headspace biogas.

Table 1. Soluble phosphate in digester supernatant following continuous amendments of liquid FeCls, and
micronized steel slag grains to pilot digesters. Values represent mean of 3 independent observations.

Agent Dose Applied  Mean Reduction
(g/L) (%)
Ferric 1.6 36
Slag 3 84
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Table 2. Biogas H,S content in digester supernatant following continuous amendments of liquid FeCls and
micronized steel slag grains to pilot digesters. Values represent mean of 3 independent observations.

Agent Dose Applied ~ Mean Reduction

(g/L) (%)
Ferric 1.6 34
Slag 3 90

When normalized for nutrient removal equivalents and including site-specific transportation cost, slag was at least
20% more cost effective than ferric chloride under otherwise identical conditions.

Summary. Results suggest that size segregated steel slag fines added to operating anerobic digesters perform as
well or better than conventional ferric chloride in a realistic dose range, with respect to the following factors: the
removal of free phosphate and sulfides in digester supernatant, as well as polymer-aided dewatering potential.
Together, these findings suggest that steel slag functions a potent nutrient sequestration media that don’t interfere
with common biosolids conditioning agents (polymers) used to improve dewatering performance. In this context,
activated steel slag represents a practical, scalable alternative to conventional metal salts that aligns with cost
control, operational resilience, and circular economy objectives.
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