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Unlocking Energy Efficiency
Boiler BEST PRACTICES

 Benchmark the fuel costs of steam generation

 Maintain Clean Boiler Water-side Heat Transfer   

Surfaces

 Minimize Radiant Losses from Boilers

 Utilize DA System to Protect / Optimize Boiler Operation

 Minimize Boiler Blow-down

 Minimize Boiler Short-Cycling Losses

 Reduce Steam System Operating Pressure

 Utilize Automatic Blow-down Control Systems

 Utilize Energy-Efficient Burners / Combustion Systems

 Utilize Waste Heat Recovery via Stack Economizers & 

Blow-down Heat Recovery System



FEMP Guidelines:
Boiler Selection Criteria

 FEMP = Energy Star for larger 

energy-using equipment

 Minimum boiler efficiency 

guidelines

 Boiler system selection & sizing 

guidelines

“If building loads are highly 

variable, as is common in 

commercial buildings, designers 

should consider installing 

multiple small (modular) boilers.”                 

“Modular systems are more 

efficient because they allow each 

boiler to operate at or close to 

full rated load most of the time, 

with reduced standby losses.” 



Innovative Design – Summary:
Key Benefits

 Modularity

• Highly efficient load management with back-up capability & flexibility for 
changing steam demands

 Size

• New Construction - Cut boiler room size up to 50%

• Existing Applications - 1) Double your steam capacity in the same space 2) 
Free up space for other uses

 Efficiency

• Startup-to-steam in 5 minutes

• Save 15%-20% in Fuel Costs on Average

 Reduced Environmental Impact

• Reduced emissions

• Reduced water consumption

 Safety

• Safest Boiler Design on the Market Today

 Low Maintenance / Durable Design

• “Floating Header” design eliminates damage caused by thermal stress 



U. S. Boiler Market Survey:
Age Distribution

 U.S. Boilers – Age Distribution of Boilers > 10 MMBtu/hr (2005):

 C/I Boiler Inventory – 163,000 units w/ capacity of 2.7 Trillion Btu/hr

 Just 10% in reduced efficiency ~ 270 Billion Btu/hr in wasted energy
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U. S. Boiler Market Survey:

What are the roots of the boiler technology currently operating in the 

U.S.?

 The U.S. can benefit from emerging technologies to become more 

competitive & move our economy onto a sustainable path



Environmental Impact –
Understanding the Role of Technology:

 Conventional role of technology:

I - Environmental Impact

P - Population

A – Affluence (consumption per capita)

T1 – Technology

UNSUSTAINABLE

The role of technology must be re-defined to reduce environmental 

impact …

I = P x A x T1 



Environmental Impact –
Understanding the Role of Technology:

 “Restorative” role of technology:

I - Environmental Impact

P - Population

A – Affluence (consumption per capita)

T2 – Technology (“green” technology)

SUSTAINABLE  /  RESTORATIVE

P x A

T2
I =



Managing Energy Load Variability:
Conventional Systems

 Conventional boiler systems expend large amounts of energy to 

meet variable load conditions

 Design limitations of conventional boilers prevent them from 

efficiently responding to every-changing load demands

 Result:  Significant wasted energy & emissions at load swings

Single 

1000 BHP

Boiler



Managing Energy Load Variability:
Modular On-Demand Systems

 Modular on-demand boiler systems reduce energy consumption 

required to meet variable loads by dividing the output capacity 

among multiple small units (like gears in a transmission)

 Modular systems are designed specifically to meet varying load 

demands

 Result:  Significantly reduced energy & emissions at load swings

5-200 BHP

Modular Boilers



Optimized Energy Management via
Modularity

 Modular design concept:
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Optimized Energy Management via
Modularity

 Modular design concept:

 Each boiler unit acts like a single piston in                                           

the overall boiler system

1000HP boiler system

TDR=1:15

(15 steps of modulation)



Modular System:
Flexibility & Back-up (N+1)

 Miura’s modular boiler system optimizes energy efficiency by 

quickly responding to changing load demands

Initial 
Installation

Demand 
Increases

Demand 
Decreases

Relocated or turned 

off to maintain 

high efficiency



Modular Capacity Range:
Flexibility + Efficiency

 Boiler Types & General Capacity Ranges

 Modular – Point-of-Use to District Energy Capacities
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Understanding Boiler Efficiency:
In-Service Efficiency

Input Energy

Output Energy

Boiler Efficiency =

Gas

Steam /      

Hot Water



Understanding Boiler Efficiency:

“Combustion Efficiency” (Ec)

• The effectiveness of the burner to ignite the fuel

• Per ANSI Z21.13 test protocol

“Thermal Efficiency” (Et)
• The effectiveness of heat transfer from                       

the flame to the water

• Per the Hydronics Institute BTS-2000 test protocol

• Recognized by ASHRAE 90.1 standard

“Boiler Efficiency”

• Often substituted for combustion or thermal efficiency

“Fuel-to-Steam Efficiency” (A.K.A. Catalog Efficiency)

• The effectiveness of a boiler operating at maximum 

capacity and a steady state, with flue losses and 

radiation losses taken into account.



Understanding Boiler Efficiency:

 A new measure of efficiency is needed…

 “City” vs. “Highway” boiler fuel efficiency is   

required to better reflect real-life operating  

conditions

 ASHRAE scheduled to release new boiler efficiency 

guideline Standard 155-P for public comment 

September 2010

“Currently...boilers...are rated only 

in terms of steady-state efficiency 

at full load, which is not a 

meaningful indicator of relative 

energy use or operating costs.”

Inside ASHRAE – BSE Magazine, June 2005



Understanding Boiler Efficiency:
ASHRAE Standard 155-P

 A more meaningful measure of boiler performance

 Applicable to steam & hot-water boilers with                   

≥ 300,000 Btu/hr capacity

 Applicable to individual, modular and/or multiple 

boilers

 Purpose of the standard:

1. Provide a comprehensive measure of boiler system 

operating efficiency, including:     

• Steady-state thermal efficiency

• Part-load efficiency

• Through-flow loss rate

• Idling-energy input rate of individual boilers

2. Provide a calculation to determine application-

specific seasonal efficiency ratings for boilers



Understanding Boiler Efficiency:
ASHRAE Standard 155-P

 Application Seasonal Efficiency (ASE):

 Seasonal “bin-based” calculation whereby hourly 

building loads are divided into 101 bins, 0-100

 Each “bin” is a snapshot of the boiler system load 

factor percentage based on heating demand

 In any bin, various boilers may be:

• Off and isolated (via modular, on-demand system)

• Off, but with through-flow from active boilers

• Operating at steady-state high fire

• Modulating

• Operating at steady-state low fire

• Cycling

• Idling
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Understanding Boiler Efficiency:
ASHRAE Standard 155-P

 Application Seasonal Efficiency (ASE):

 ASE’s can be determined with either 155-P’s preset 

load profiles or customized by the designer

 ASHRAE 155-P’s preset load profiles will cover          

5 standard building types:

• Assembly

• Education

• Multifamily

• Office

• Retail

 The standard will also include 8 typical climate zones



Understanding Boiler Efficiency:

 Fuel-to-Steam vs. In-Service Efficiency

 Understanding operating efficiency =  tracking energy losses

FUEL
IN

Radiation Loss

Exhaust Loss

Start-up Losses 

Blow-down Losses

Loss @ High Turndown

Radiation Loss @
Idle / Stand-by

Pre- & Post-purge Losses

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency Changing Loads



Increasing Efficiency = Reducing Losses:
Radiant Losses

With energy efficiency, size matters…

 Increase efficiency by reducing boiler thermal footprint

200 BHP

Firetube

Boiler

200 BHP

Modular

Boiler

1,000+ 

Gallons

65+ 

Gallons
VS

Rate of Radiant Losses =                

~300 Btu/hr-ft2

Smaller Boiler Surface Area = 

Significant Reduction                 

in Radiant Losses

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



Increasing Efficiency = Reducing Losses:
Radiant Losses

 Radiant Losses:  12 MMBtu/hr input at 100% output

 Option A – Conventional System:

 Single 12 MMBtu/hr unit input 

 Rated at 2% radiant loss

 240,000 Btu/hr energy loss

 Option B – Modular System:

 3 x 4 MMBtu/hr unit input

 Rated at 0.5% radiant loss

 3 x 20,000 Btu/hr losses =                    

60,000 Btu/hr energy loss 

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency

2%

0.5%0.5%0.5%



Increasing Efficiency = Reducing Losses:
Radiant Losses

 Radiant Losses:  12 MMBtu/hr input at 33% output

 Option A – Conventional System:

 Single 12 MMBtu/hr unit at 33% =                          

4 MMBtu/hr input

 240,000 Btu/hr energy loss

 Results in 6% total radiant loss

 Option B – Modular System:

 3 x 4 MMBtu/hr units (only 1 operating)

 1 x 20,000 Btu/hr losses =                    

20,000 Btu/hr energy loss

 Only 0.5% total radiant loss

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency

6%

0%0%0.5%



 Large scale on-demand thermal energy systems

200 BHP

Firetube

Boiler

200 BHP

Miura

Boiler

ResidentialCommercial / Industrial

Increasing Efficiency = Reducing Losses:
Radiant Losses



Space Savings – Addition by Subtraction:

 Small boiler footprint (good for point-of-use applications)

 No tube-pull space required

 Double the boiler output of a typical boiler room (existing facilities)

 Reduce required boiler room area by over 50% (new construction)

Without Tube-Pull & Door-

Swing Space

Modular Systems Offer      

Substantial Space Savings



Space Savings – Addition by Subtraction:

 The 21st century boiler plant…

 Take advantage of freed-up space to:

• Increase capacity

• Incorporate other functions                              

(in lieu of costly new construction)

 Miura has received UL certification for            

zero side-clearance modular             

configuration



Space Savings – Addition by Subtraction:

 New U.S. Zero-Side-Clearance Modular System



“Green” = Safe:

 Low Water Content: 

stores less potentially harmful energy                   

(Miura 200 BHP only 65 gallons)

 Unique water tube design -

eliminates catastrophic failures



Increasing Efficiency = Reducing Losses:
Radiant Losses 

 Utilize feed-water economizer for built-in   

waste heat recovery 

 Feed-water economizers increase efficiency by 

capturing waste exhaust gases to preheat feed-

water entering the boiler

 Boiler efficiency can be increased by 1% for 

every 40oF decrease in stack gas temperature

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



Increasing Efficiency = Reducing Losses:
Start-up Losses 

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency

 Thermal shock/stress is the #1 cause                           

of fire-tube  boiler damage & repair

 Conventional boiler performance is limited                 

by thermal stress resulting in inefficiency  by 

requiring slow boiler start-up & perpetually           

idling operation

 Firetube boilers typically require as much                   

as 90 minutes for cold start-up & must                        

remain idling when in stand-by mode                

resulting in significant wasted energy                             

& emissions



Increasing Efficiency = Reducing Losses:
Start-up Losses 

 Innovative “Floating Header”            
pressure vessel design 
eliminates thermal shock

 All welded tube to tube-sheet 
construction

 X-ray & dye-penetrant quality 
control with heat treatment for 
stress relief of steel

 Single-pass design for even 
temperature distribution

 No more “re-rolling tubes” or 

“tube popping”…

 Allows for steam production in 5 

minutes from cold start

Water In
Lower Header

Upper Header

Burner

Steam Out
Fuel / Air Intake

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



Increasing Efficiency = Reducing Losses:
Blow-down Losses 

 U.S. DOE steam systems BEST PRACTICES 

recommendation:  

“Improve boiler efficiency and reduce water 

consumption by utilizing automatic surface 

blow-down in lieu of continuous and/or 

manual blow-down.”

 Miura’s BL Controller  boiler control system 

includes automatic blow-down for optimization 

of blow-down for highest efficiency operation.

 Automatic blow-down is managed by the BL 

Controller via a proportional flow system & 

back-up conductivity probe that monitor TDS to 

maximize boiler performance and efficiency.

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



BL Boiler Control System:
LX / EX Series

 47 alarms in plain English

 38 caution messages in plain English 

 Probable cause and/or solution given 
for each alarm or caution

 Allows for short 10 second pre-purge 
and minimized post-purge

 Stores last 7 fault incidents

 On-Line monitoring / maintenance 
system interface



Increasing Efficiency = Reducing Losses:
Pre- & Post-Purge Losses 

 Utilize a control system that includes an intelligent 

purge system to optimize boiler performance

 “Purge Cancel” function interrupts post purge when 

fast restart is required, eliminating heat loss and 

improving response time

 Optimized response time (w/in 10 seconds) =   

increased efficiency + reduced emissions

Post-purge Pre-purge

Boiler stop

Typical 

controller

Post-purge = Pre-purge
“Smart” 

controller
Boiler start sequences

Boiler start sequences

Restart signal

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



Increasing Efficiency = Reducing Losses:
Losses at High Turn-down

 Modular boiler system:

MP1
MT1

Twisted pair cable

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



Optimized Energy Management with
Modularity

 Multiple modular boilers act as one large, high

efficiency, high turndown boiler

 Boilers react in 30 seconds or less.

 Shut off boilers in low load conditions

 In the event of a fault, backup boilers come 

online in 30 seconds



Boiler Scale Detection & Prevention:

 An eggshell thickness of scale can reduce boiler 

efficiency as much as 10%* (25% for 1/8” thickness, 

40% for 1/4” thickness)

*Just 1/32” of scale thickness multiplied times each  

industrial boiler in the U.S. inventory ~ 

• Over $7 billion in wasted energy / yr (@ $1.00/therm) 

• Over 50 million metric tons of CO2 emissions / yr

FUEL
IN

IN-SERVICE

EFFICIENCY

Fuel-to-Steam 
Efficiency



Boiler Model Summary: 
Ancillary System Components

 Deaerators, Blow-down 
Separators, Pumps,                  
Feed-water Tanks &                     
Check Valves

Water Hardness                    

Monitor

Water Treatment

The ancillary equipment complete the boiler system
& are crucial to its long-term performance / efficiency.



Boiler Scale Detection & Prevention:
Water Hardness Monitoring

 Installed between water softener & feed water tank

 Colormetry “sips” feed water every 30 minutes

 Detects water hardness below 1 ppm

 Automatically increases surface blow-down when 

water hardness is detected

 Interfaces with BL Controller & M.O.M. System

 Easily replaceable cartridges



Boiler Tube Protection:
Enhanced Chemical Water Treatment

 Eco-friendly Silicate-based water treatment

 Eliminates need for high temperature feed-water  

(i.e., DA tank) to activate chemical treatment

 Provides increased boiler efficiency                       

by +1-2% via reduced blow-down & low        

temperature feed-water

 Reduces boiler chemical treatment costs            

due to more effective tube protection &      

computer controlled chemical feed system

 Reduces maintenance issues related to       

constant monitoring & adjustment of                

boiler water chemistry

 Reduces boiler performance issues such as     

feed-water pump cavitation, increasing pump 

efficiency by +10-20%



Boiler Tube Protection:
Enhanced Chemical Water Treatment

Water 

Treatment

Tank

Chemical Pump

Feed Water Tank

Control

Signal

 Silicate filmer water treatment feed is modulated      

via an interface with the MI Controller

 Chemical feed is based on steam demand measured 

by the steam pressure sensor
MI Chemical

Controller

http://www.iwakipumps.jp/pumps/metering/ehe.html


Miura Online Maintenance:
“M.O.M.” System

 Utilize online maintenance  

system that interfaces with    

boiler control system as thermal 

energy management “dashboard”

 Speeds maintenance by 

diagnosing fault conditions

 Alerts maintenance staff to 

warnings before they become 

problems

 Provides monthly reports

 Standard with every boiler 

shipped

 6 months monitoring with     

monthly reports free with       

boiler system purchase



Miura Online Maintenance:
“M.O.M.” System

 Alarm Record:  “Sliding Window” feature allows view of real time 

operation + 4 seconds into the past for enhanced troubleshooting



Online Monitoring / Management:
ER System “Energy Dashboard”

 Utilize online monitoring system 

that interfaces with boiler control 

system as thermal energy 

management “dashboard”

 Provides 24/7 online M&T/ M&V     

online maintenance system

 Real-time 24/7 operation, 

fuel/water consumption,   

efficiency & emissions       

tracking capabilities

 Communicates with operations 

staff via workstation interface, 

PDA, email alerts

 Provides monthly reports internet

Web Server Client PC

Local 

network



Online Monitoring / Management:
ER System “Energy Dashboard”

 24/7 Real-time Operational Parameters:  LX Series Interface

• Firing Rate

• Steam Pressure

• Scale Monitor

• High Limit

• Flue Gas Temp

• Feedwater Temp

• Flame Voltage

• Next Blow-down

• Surface B/down

• Conductivity

• Date / Time



Boiler Systems - Introduction:

 Available Models:

LX Series EX Series



Boiler Model Summary:
LX Series

 Gas Only – Natural Gas / Propane

 50, 100, 150, 200, 300 BHP Models

 Steam in 5 min. from Cold Start

 Low NOx Design (as low as 9ppm)

 Horizontal Flame Path

 70-150 PSI Standard Operating Pressure 

(low and high pressure options available)

 Also Available in Hot Water Version



Boiler Model Summary: Combustion 
LX Series

 Patented Self-Quenching / Cooling    

Burner Design:  Flame Temp ~ 2,200 oF

 Flame in Direct Contact w/ Water Tubes             

(No Furnace)

 Low NOx Leader: 20 ppm standard             

(12 & 9 ppm models available)

Boiler Vessel – Side View Combustion – Detail View



Boiler Model Summary:
EX Series

 Duel Fuel – Natural Gas/Propane & Oil

 100, 150, 200, 250, 300 BHP Models

 Steam in 5mins From Cold Start

 Vertical Flame Path (top down)

 70-150 PSI Standard Operating Pressure 

(high pressure option available)

 Also Available in Hot Water version



Boiler Model Summary: Combustion
EX Series

 Vertical Flame Path:

Floating Header Design –

Side View Combustion Path –

Top View



Jason Smith, LEED A.P.       
(770) 916-1695  Office

(678) 939-7630  Cell

jason.smith@miuraboiler.com

Q u e s t i o n s :
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