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Novel Boiler Water Treatment Using Green 
Chemistry Saves Water and Energy 
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ABSTRACT 

Purified tannin has been proven to save significant energy and water 
when used as a boiler water treatment. Purified tannin protects boilers 
from corrosion and scale, allowing operation well above ASME guide-
lines for water quality and, thereby, improving their efficiency. The func- 

tional properties of tannins have been studied, and the mechanisms of 
boiler protection verify empirical field results. A case study involving 
a California regional brewery demonstrates how purified tannin saves 
water and energy. 

 

Introduction 
Tannins have a history of use as boiler water treatments da-

ting back to the mid-1800s. The story goes that a sack of potatoes 
was accidentally left inside a boiler after a cleaning and dramat-
ically improved the condition of the boiler upon the next inspec-
tion. Extracted from plants, tannins are renewable, nontoxic, non-
flammable, and biodegradable compounds that have made a recent 
comeback as a boiler water treatment in the form of purified 
tannin from tree bark. There are many possible applications of 
purified tannin, including as a steam boiler treatment product 
commonly used in the brewing industry. Most other boiler treat-
ment products currently in use incorporate phosphates, phospho-
nates, polymers, sulfite, and other hazardous chemicals—many 
of which are mined and are facing limited supply and price in-
flation. 

Boiler water treatments are designed to prevent corrosion of 
equipment, prevent scaling of heat-transfer surfaces, and conserve 
water and energy. The exciting thing about refined tannin is its 
exceptional ability to perform at much higher cycles of concen-
tration (COC), which leads to a reduction in both water and en-
ergy consumption (Fig. 1). 

COC represents the accumulation of dissolved minerals in the 
boiler water and is calculated as the total dissolved solids (TDS) 
in the boiler water divided by the TDS in the feed water. Higher 
COC results in lower blowdown: Blowdown (as % of feed wa-
ter) = 1/COC × 100. Purified tannin can reduce blowdown by as 
much as 50–80%, water use by 8–20%, energy use by 1–5%, 
and greenhouse gases by 1–5%. 

Clozit (6) is an on-line platform that provides a report on ex-
pected savings achievable due to a reduction in boiler blowdown 

when switching to refined tannin. Its credibility is certified by 
the Natural Gas Technologies Centre (NGTC) in Quebec, Can-
ada. The savings calculated for a regional brewery and a paper 
mill are presented in this article. 

Effective boiler treatment needs to achieve the following: 
• Scavenge oxygen 
• Inhibit corrosion 
• Inhibit scale 
• Minimize carryover 

Purified tannin-based boiler treatments achieve all of these goals. 
Discussion of the functional properties of tannin as an oxygen 
scavenger, corrosion inhibitor, and scale inhibitor and the unique 
property of preventing carryover are presented, along with ex-
amples of calculations of savings at a regional brewery and for 
a larger boiler system at a paper mill. 

Purified Tannin as an Oxygen Scavenger 
The removal of dissolved oxygen is critical to prevent pitting 

corrosion of boiler systems. Various chemicals (oxygen scaven-
gers) are used to remove residual oxygen following any mechanical 
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Figure 1. Higher cycles of concentration (COC) result in lower blow-
down rates. 
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removal of oxygen. The most widely utilized oxygen scavenger 
is sodium sulfite because of its low cost, USDA acceptance, and 
comparable safe handling. Refined tannin has the ability to re-
move oxygen at reaction times similar to catalyzed sulfite and 
typically requires only 2 ppm tannin/1 ppm dissolved oxygen 
(versus 7.88 ppm sodium sulfite/1 ppm O2). 

Purified tannin, relative to sulfite, contributes very little to 
TDS (Fig. 2); TDS contributions from chemistry can be signif-
icant. Fewer dissolved solids added by the chemical itself trans-
lates to a lower starting point (feed water TDS) when calculat-
ing COC. 

Purified Tannin as a Corrosion Inhibitor 
The goal of a water treatment program is to create conditions 

that minimize the corrosion of steel in the boiler; this is usually 
referred to as being, “passivated.” Passivation is a term used in 
industry to describe an oxide film with reduced reactivity that 
protects the underlying metal from corrosion. Some researchers 
have defined passivation as the creation of a barrier to additional 
oxidation; others have defined passivation as the absence of cor-
rosion. Passivation in boiler and boiler feed-water systems in- 
volves the creation of a protective layer of metal oxide on the 
surface of the steel. In boilers, it is widely accepted that the for-
mation of a continuous, adherent layer of magnetite (Fe3O4) is 
the most desirable form of iron oxide in boiler systems because 
it helps protect against general corrosion (i.e., rust [Fe2O3]) (7). 
Magnetite, which is important in corrosion protection of steel, 
was one of the first substances whose crystalline structure was 
determined by X-ray. At high pH, temperature, and pressure, sim-
ilar to the conditions found in a boiler, steel test coupons rapidly 
develop a strikingly different appearance in the presence of tan-
nins. Typically, the surface is visibly smoother and more adherent, 
with noticeably less spalling of magnetite than in control samples. 

The microstructure of these passivation layers was studied (1) 
using scanning electron microscopy coupled with energy dis-
persive spectroscopy, as well as grazing incidence X-ray diffrac- 
tion. Their corrosion behavior was studied using potentiody-
namic polarization and electrochemical impedance spectroscopy. 
The magnetite layer that was formed with refined tannin showed 
improvements in thickness, reduced porosity, adherence, and crys-
tal composition and structure and is consistent with improved cor-
rosion protection (Fig. 3). 

Purified Tannin as a Scale Inhibitor 
Scale on boiler heat-transfer surfaces increases energy con-

sumption. The thickness and composition of the scale determines 
energy loss (Fig. 4), but in general, thin layers of scale dramat-
ically affect energy costs. Scale can also lead to hazardous con-
ditions, failure of equipment, and costly repairs. 

Boiler water treatment typically consists of both external (e.g., 
water softening) and internal treatments. Internal treatment typ-
ically consists of the use of chelates, dispersants, or sludge con- 

Figure 2. Purified tannin (MK 3100) contributes much less conductivity
to boiler water than other ions. 

Figure 3. Model of a smooth, thin, adherent, and dense iron tannate pas-
sive oxide layer compared with a typical magnetite passive oxide layer.

 
Figure 4. Energy consumption associated with the thickness of scale de-
posits on boiler tubes. 
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ditioners in the form of phosphates, phosphonates, polymers, and 
other chelates. These chemicals prevent scaling by precipitating, 
solubilizing, or modifying the minerals that cause scaling. 

Purified tannin inhibits the phenomena of scaling by stabiliz-
ing and precipitating scale-forming salts. Tannin reacts with miner-
als in a boiler to form ligno-complexes (chelates). Tannin also 

deposits a dynamic film on the metal by adsorption and desorp-
tion, and scaling minerals are rejected and remain suspended in 
the water. Concentrations can be very high without risk of scaling. 
Studies (4) have shown that tannin has a dispersive effect on sil-
ica, which minimizes the propensity of precipitation and subse-
quently decreases the scaling potential. Anecdotal experience has 
shown that purified tannin allows significantly higher COC and 
demonstrates visible removal of previously deposited scale. 

Purified Tannin Reduces Foaming 
and Carryover 

Carryover is any contaminant that leaves the boiler with the 
steam. Entrained boiler water that “carries over” contains dis-
solved solids and possibly some suspended solids. Carryover re- 
sults from incomplete separation of steam from the steam–water 
mixture in a boiler. Mechanical and chemical factors can con-
tribute to incomplete separation. Carryover can cause equipment 
damage and result in inefficient heat transfer.  

The ASME/ABMA set the boiler water guidelines for dis-
solved solids, alkalinity, and other factors for purposes of steam 

 
Figure 6. Savings in fuel, greenhouse gas emissions, make-up water, and sewer water at a large pulp and paper mill. 

Figure 5. A silica/silicone oil antifoam prevents inhibition of coales-
cence. 
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quality. The use of purified tannin allows boiler operators to suc-
cessfully run water treatment programs that far surpass these rec- 
ommended limits. For example, the ASME/ABMA recommend- 
ed limit for conductivity for boilers under 300 psi is 5,400 µS. 
Purified tannin has been run in successful programs at up to 
20,000 µS, while maintaining or improving steam quality. Re- 

fined tannin has been proven to produce higher quality steam (less 
entrained water) than other traditional water treatment programs 
on which ASME/ABMA guidelines base their recommendations. 
When running higher COC in a boiler, the potential for scaling 
and carryover (foaming) are orders of magnitude higher and must 
be prevented. A recent study (3) was conducted to determine the 
roots of chemically induced carryover in boilers and how tannin 
mitigates carryover. 

The study (3) explored foaming in boilers and the relationship 
between bubble coalescence inhibition (bubbles coming to-
gether to form a larger bubble) and foaming (Fig. 5) and ex-
plored why tannin-based products reduce or eliminate carryover. 
Pure water forms large steam bubbles. Inhibition of coalescence 
(i.e., promoting small bubbles) occurs with high-TDS waters 
and leads to carryover. Small bubbles increase the likelihood of 
carryover through three paths: 1) bubble rising speed; 2) the 
volume of small versus large bubbles serving as nucleation sites 
when pressure drops occur; and 3) the ejection of small droplets 
when a small bubble bursts (like a fizzing soda on your upper 
lip). It was shown that when the total ionic strength reaches a 
critical value, inhibition occurs, and small bubbles appear to cause 
foaming. 

Table 1. Before and after mass flow rate chart for Bear Republic 

Conventional 
Chemistry 

Flow 
Rate 

Refined Tannin 
Chemistry 

Flow 
Rate 

Make-up conductivity 380 Make-up conductivity 380 
Feedwater conductivity 70 Feedwater conductivity 56 
Boiler conductivity 2,500 Boiler conductivity 12,000 
Load 20% Load 20% 
Steam load (lb/hr) 1,035 Steam load (lb/hr) 1,035 
Cycles 35 Cycles 250 
Blowdown 3% Blowdown 1% 
Returned condensate 80% Returned condensate 80% 
Feedwater rate (lb/hr) 1,065 Feedwater rate (lb/hr) 1,042 
Blowdown rate (lb/hr) 29.8 Blowdown rate (lb/hr) 0.073 
Condensate returned (lb/hr) 828 Condensate returned (lb/hr) 8.28 
Make-up rate (lb/hr) 236 Make-up rate (lb/hr) 2.14 

 
Figure 7. Clozit calculations for Bear Republic Brewing. 
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Tannin forms particles of the right size and hydrophobicity to 
act as antifoam particles. A possible mechanism for this anti-
foam action is that a tannin particle forms a bridge between two 
bubbles and, due to its hydrophobicity, makes the liquid dewet 
and, thus, perforates the bubbles. 

Case Study at Bear Republic Brewing 
Company, Cloverdale, CA 

Purified tannin has proven to be an excellent boiler water 
treatment for industrial steam boilers for over four decades. For 
example, Cascades Cabano pulp and paper mill implemented tan-
nin treatments more than 11 years ago and found it greatly im-
proved their efficiency. Since then, they have amassed $2,760,00 
in overall savings, while running at 100–200 cycles and main-
taining excellent steam quality with a condensate return conduc-
tivity of 5–10 µS (Fig. 6). 

Bear Republic Brewing Company is a regional brewery lo-
cated in Cloverdale, CA, and probably serves as a better illus-
tration of what tannin treatment can offer the brewing industry. 
This community was one of the most heavily impacted during the 
ongoing California drought beginning in 2013. In January of 2014, 
the California State Health Department listed Cloverdale as one 
of 17 communities expected to run out of water. Fortunately, Clo-
verdale was able to add capacity to their water system; however, 
water remains in short supply. Because of this, water savings 
and wastewater treatment have been a high priority at their pro-
duction facility in Cloverdale. In 2018, in an effort to save wa-
ter, Bear Republic introduced Tanguard DA from Chemco Prod-
ucts to their 150 horsepower Cleaver Brooks boiler to generate 
40 psi steam. The before and after mass flow rate chart is shown 
in Table 1. 

Bear Republic Implementation, 
Safety, and Maintenance 

Tanguard DA replaced three conventional products: a sulfite-
based product, a scale inhibitor product, and an amine product. 
Tanguard DA incorporates an ammonia-based amine into the one-
drum formulation for condensate treatment. One of the three ex-
isting chemical pumps was utilized to inject Tanguard DA into 
the feed-water tank based on the feed-water pump activation. 
Tanguard DA is not regulated by the DOT, and tannin is made 
from natural, sustainable trees, as opposed to the more hazardous, 
regulated, and mined traditional products it replaced. (Note: Tan-
guard DA is corrosive in its packaged concentration and proper 
handling and PPE should be used.) 

Increasing the COC index from 35 to 250 reduced blowdown 
and, thereby, dramatically reduced the volume of chemistry needed 
to treat the boiler. This reduced shipping related costs, inventory 
of chemicals on-site, and hazardous materials handling by per-
sonnel. 

The residual concentration of Tanguard DA in the boiler can 
be measured by color comparator or, more accurately, with a 
handheld colorimeter. Typically, the residual Tanguard DA level 
is targeted at 175–225 ppm in the boiler. A minor pump adjust-
ment is made to increase or decrease residual levels. Boiler blow-
down is monitored and controlled by conductivity. A range of 
11,000–12,000 µS is targeted, and the operator bottom blows 
the boiler to keep conductivity below 12,000 µS. Increasing the 
COC reduced blowdown enough that the surface blowdown valve 
was no longer utilized, and boiler conductivity was able to be 

more simply controlled by minimal bottom blowdowns. Tan-
guard DA eliminated drop testing for inhibitor levels, sulfite levels, 
and alkalinity levels. Proper water softening is critical with Tan-
guard DA, as with any water treatment program. 

Summary of Treatment 
at Bear Republic Brewery 

Savings, as calculated by the on-line platform Clozit (6) are 
presented in Figure 7. The overall savings generated by chang-
ing the water treatment program from traditional to Tanguard 
DA was about $4,000—enough to pay for the water treatment 
program chemicals and service. 

Due to a higher percentage of condensate return, the boiler 
was already achieving high COC with conventional chemistry. 
The introduction of Tanguard DA increased that to 250 COC 
and an average conductivity of 12,000 µS. Feed-water temper-
atures averaged about 180°F (lower temperatures require higher 
dosages of Tanguard DA to scavenge oxygen). Blowdown rates 
with Tanguard DA were significantly reduced, and associated en-
ergy, water, and wastewater savings have been enjoyed. The boiler 
was in good condition prior to Tanguard DA, but during the an-
nual inspection in December 2020 after two years of Tanguard 
DA treatment, John Powell, boiler inspector for Hartford Boiler 
Inspections, commented that the water side looked better than 
any boiler of this size he had seen. In particular, he was impressed 
by the formation of the beneficial, passivating layer of magnet-
ite on the tubes (Fig. 8). The presence of visible magnetite on the 
tubes indicates the absence of scale and corrosion and the safe, 
efficient operation of a boiler and steam production. 

 
Figure 8. Boiler tubes during inspection at Bear Republic Brewing in
2022, showing unscaled tubes in good condition. 
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Summary 
Breweries can substantially reduce water and energy con-

sumption by implementing a refined tannin water treatment pro-
gram for their steam boilers. Refined tannin saves these re-
sources by reducing blowdown through increased COC of the 
boiler water beyond what is recommended by the ASME/ABMA 
guidelines and, thereby, is breaking new ground in sustainability. 
Although refined tannins have been used and studied for several 
years, it is still considered new technology to the U.S. market 
and a new avenue for breweries to save water in an industry where 
water savings are valued and ever more difficult to find. The steam 
system is often described as “the heart of the plant,” and the water 
treatment program is critical for its efficiency and longevity. An 
understanding of how refined tannin safeguards the equipment 
and improves efficiency, along with the experience of other brew-
eries, is needed to build confidence in this new technology. Re-
fined tannin, when applied properly and accompanied by good 
maintenance practices, has been shown to achieve the tradition-
ally desired results of scale prevention, oxygen scavenging, and 
corrosion inhibition, while introducing the benefit of minimiz-
ing carryover at higher COC. 

Refined tannin not only saves water and energy resources but 
is easily converted from a traditional treatment program. Main- 
 

tenance of the tannin program is simple and minimizes the chem-
istry needed for treatment, the time needed for testing and blow-
downs, and chemical handling. Tannins are made from a natural, 
sustainable source that is not regulated by the DOT and are eas-
ier to source. 
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