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(I acknowledge and thank Steve Strickler for his internet research, finding the independent test reports,
 and advice from blogs)
My appreciation also goes to Dayle Porter, a heating system contractor on Cape Cod, for many of the recommendations and points to watch quoted here.

I do intend to post a file containing the photographs and other document views I used during my talk, but

I need to reduce the file size before Yahoo Group storage will accept it.   [ed. 6/22/2012]
Agenda:
A)  Ways of Heating Your House, enumerating

B)  Ways of Heating Domestic Hot Water, enumerating

C)  Terminology - Organizations and Standards


   Terminology - Technologies for Modern Boiler Designs


 
Points to watch out for

D)  Consumer-oriented Test Reports (2)  

E)  My Context and Goals, 

F)  My Equipment Selection Decisions

G)  List of my Equipment and Controls, Opportunities missed, 
H)  Summary of my Heating System Changes, and Results

I)   References

Photos of my New Boiler and Superstor DHW tank, etc. will be posted at a future date.

A)  Ways of Heating Your House:  Method and Fuel


Method:


1) Fireplaces


2) Wood Stove


3) Coal-burning Stove or Furnace


4) Passive Solar  (big windows, skylights or whatever)



collection system and reservoir, (such as interior stonework)



backup system for sun-less days, and cold nights


5) Active Solar   (roof panels, usually)



water filled heat collectors



electric panels


6) Geothermal exchange  (heat pump)


7) Forced hot air (ductwork to registers in the house)



gas fired



oil fired



heat pump



electric resistance heating (often used as backup for heat pump)


8) Circulating hot water (or steam):


    the delivery technologies over the years -



steam radiators (usually single-pipe supply and water-return)



low pressure steam  (two pipes to radiator, supply and return)



hot water radiators  (also a two-pipe system)



baseboard convectors (hydronic plumbing, fins on copper tubing)



radiant under-floor as mentioned next


9) radiant heat  (usually installed beneath floors)



heat pump to outside air



geothermal heat pump



circulating hot water from a boiler



electric resistance heating


Fuel, or heat reservoir:


1) Wood  (cut lengths, or pellets)


2) Natural Gas


3) Propane


4) #2 Fuel Oil


5) Electricity from public utility


6) Energy from the Sun



capture radiation directly (passive or via solar panels)



convert radiation to electricity via solar panels


7) Coal 


8)  Heat reservoirs:



the earth 



air



water tank



stone (in a passive solar system)

B)  Methods for heating Domestic Hot Water:


1) Dedicated Hot Water Heater:



a) Flame or heat applied to underside (or interior flue) of the tank




Gas-fired (or propane or fuel oil)




b) Heat-exchanger coil inside the tank:




Electric resistance-heating coil




Heat Pump to surrounding air (called hybrid water heater)




Geothermal (heat pump to ground reservoir)




Solar panel with circulating anti-freeze fluid




Solar electric panel, with resistance heating in tank (and



a backup source)


2) Piggyback on home boiler heating method:



a) tankless coil in boiler



b) Indirect heating of separate tank (loop through a heat exchanger)



  1) heat exchanger coil inside the DHW tank, such as SuperStor uses



  2) heat exchanger external to tank, such as Energy Kinetics System 2000


3)  Point of use water heater



a) tankless



b) with small storage tank

C1)  Terminology - Organizations and Standards:


AFUE = Annual Fuel Utilization Efficiency rating by an industry-standardized method.

BTU = British Thermal Unit, a measure of heat; equal to 



the amount to raise 1 pound of water by 1-degree F. 


( It is approximately the amount of heat generated by burning one blue-tip kitchen match ).
I=B=R  is the Institute of Boiler and Radiator Manufacturers.


AHRI = Air Conditioning, Heating, and Refrigeration Institute; now


owns the I=B=R trademark;


AHRI tests boilers, baseboards, commercial finned tube radiation and



indirect-fired water heaters, and



provides authorization for the use of I=B=R ratings for those products.


NORA = National Oil-heat Research Alliance


WATER FLOW RATE.  All baseboards are rated at a water flow rate


of 500 lbs per hour (1 gpm).  This rating must be used where the water


flow rate through the baseboard is not known.  


An I=B=R Rating at 2,000 lbs per hour (4 gpm) is also approved,


when requested by the manufacturer.  This 2,000 lb/hr rating is



limited to installations where the water flow rate through the 


baseboard is equal to or greater than 2,000 lbs per hour. 

C2) Terminology - technologies associated with modern boiler design:

1)  Aquastat:  a thermostat installed to monitor water temperature


2)  Cold-start Boiler  (designed to tolerate cool-down to room temperature between


heating cycles)

3)  Condensing Boiler (captures heat-of-vaporization, in addition to flame radiation)


4)  Outdoor Reset, adjusts boiler water temperature inversely with 


 outside air temp.

5)  Modulating-flame burner (is done in gas-fired boilers, but haven't


 seen it for oil-fired)


6)  Heat-purge (energy recovery) at end of heating demand:


Extract more heat from the boiler to some zone, not to waste it, as the


boiler cools down independently.  the waste is called Idle Loss.

7)  Flue damper (draft regulator) closer  (is done on gas-fired 


systems, but have not seen this done on oil-fired systems).



[Energy Kinetics System 2000 doesn't have a flue damper (uses


 outside air for combustion)]


8) Idle loss: the amount of heat lost in a heating system as it cools off


between heat-demand cycles.


9) Longer flue passages in furnace or boiler (lower exhaust


temperature, higher combustion efficiency)


10) Low-mass boiler, such as steel rather than cast iron (but steel


 boilers have shorter lifetime)



combined with a smaller water reservoir.


11) Outside air supply: reduces the amount of air a burner draws from


heated air in your house.


12) PEX tubing: crosslinked HDPE (high density polyethylene)


polymer, used in place of copper tubing.



FostaPEX tubing: aluminum-clad PEX = semi-rigid, and has higher


temperature rating than PEX.



FostaPEX is mechanically self-supporting over longer runs than PEX (it sags).


13) Pump-away circulator arrangement (assists in keeping air out of a


hydronic plumbing loop),



as opposed to locating the circulator(s) in the return line to the boiler.


14) Thermostat Differential - the difference between the "trip-on" and


"trip-off" points, e.g. hysteresis.


For Domestic hot water heating, efficiency improvements:


1) pipe insulation, and thick jacket insulation on storage tank.


2) locate the hot water heater or tank closer to points of use, if practical

C3) Points to watch out for:


1)  Net Heating System Efficiency = 


Boiler Combustion Efficiency (AFUE)  X  Application Efficiency.


Application Efficiency includes cold-start boiler & water warmup, heat
loss through the wall behind baseboard convectors, boiler Idle Loss, etc.

  
2)  Is a flue liner required?  Cold-start boilers and particularly



 condensing boilers, cause condensation in the chimney flue,


 which combines with combustion gases and eats away your clay chimney flue liner.



Running the boiler longer helps, because it heats up the flue


more thoroughly, drying out the condensation.

   
(I am trying my system for a year without a flue liner; then get a 2nd chimney inspection). 


3)  Is the boiler you're replacing oversize for the real need?



a) an oversize boiler wastes energy.


b) for houses built when fuel cost was low, oversizing was a


  common practice, reassurance.


c) real house losses may be less now if you've replaced windows, added insulation, etc.



d) example heat-loss calculation worksheet: (see .pdf file);


  estimating air leakage is the "iffiest" task.


4)  Don't ever put ethylene glycol anti-freeze in a system that has cast iron;



 - an interaction causes the anti-freeze to turn acidic, and that eats up bronze valves.  

5)  If you intend to use your boiler in cold-start mode, don't buy one


with provision for a tankless coil; 



the gasket for the tankless port plate is likely to develop leaks



if you run cold-start repeatedly.


6) good idea to put an expansion tank on the DHW storage tank


 (installed on the cold-water feed) 


7)  Cooler hydronic water temperature with outdoor reset does mean


it takes longer for your radiators to increase the room temperature;



noticeable if you use thermostat setback, e.g. night vs. day.

8)  It is reputed that zone circulators are more trouble-free than


zone valves (used with a single circulator).


9)  Choosing your oil burner among Beckett, Carlin, or Riello:



a) Riello burners are highly tunable to your boiler, but



b) a technician who works on Riello burners should have Riello-specific training.



c) Beckett and Carlin use readily available, interchangeable parts;

 
     Riello burners have a lot of custom parts.

 10)  Does your oil feed line need upgrading?  Copper lines are required to have an integral



clad jacket, and be immobilized and protected from accidental damage.  In the case of 


crossing a basement floor, this is usually done by covering it with a layer of concrete.

 11)  If you have two oil tanks, does the vent pipe diameter meet new standard (cross-sectional


area sufficient to support outgassing air displaced by pumping oil into both tanks


simultaneously! )

 12)  Safety shutoff valve on oil tanks; (stop flow in case of a leak, a homeowner's insurance issue)

 13)  Getting quotes and writing a contract, be clear who is going to install pipe insulation.

DHW Issues: 

14) There is some evidence bacteria can grow in a DHW tank that is less than 130-degrees F.
a) Set the aquastat upper-limit at 130 degrees or higher;

b) Specify a cold-water mixing valve on the output, set at 120 degrees; 

gives anti-scald protection, and maintains well-regulated water temperature for use.
c) If you want hotter water to your dishwasher, run a separate pipe from DHW tank to that,
and put the rest of the hot water supply through the regulating mixing valve. 

Easy things you can do to increase home-heating efficiency


1)  Night setback of room thermostat.

2)  Clean the fins in your baseboard convectors now and then

-  -  -  -  -   my talk June 20th adjourned here; to be continued in a future week  -  -  -  -  -  -  - 
D)  Consumer-oriented Test Reports:


1) Brookhaven National Laboratory Tests for NORA: 



(National Oil-heat Research Alliance, New York), although


 manufacturer & model information is disguised), 
   www.nora-oilheat.org/site20/uploads/FullReportBrookhavenEfficiencyTest.pdf,
 

May 1, 2007;  a mix of oil-fired and gas-fired boilers were tested.


A summary page from this report is included on the next page.

The system tagged #3 has strong evidence it is the Energy Kinetics System 2000.


The system tagged #5 is likely either a Buderus or Viessmann system  (German makes)


The system tagged #1 is a conventional non-condensing boiler with integral tankless DHW coil


The system tagged #10 is a 22-year-old boiler taken from actual use.

NORA Test Report, Conclusions:

Table 4. Comparison of Annual Energy Savings Associated with Replacing Baseline System
 #10 with Other Systems:
Unit Description 

Annual Reduction in Fuel Use Relative to #10

1) Oil, cast iron boiler, with tankless

17.3 %

2) Oil, cast iron boiler, with indirect 
  
 0.7

3) Oil, steel boiler with purge control 

24.8  (Energy Kinetics?)
4) Oil condensing boiler


  
23.5

5) Oil, well insulated European boiler 

23.7  (Buderus? Viessmann?)
6) Oil, water heater used also for heating 
15.1

7) Oil, combi System



14.9

8) Gas atmospheric with tankless

  1.8

9) Gas atmospheric water heater 

 -

8+9) Gas boiler + separate gas water heater   0.4

10) Old cast iron boiler, used 22 years

  0.0

11) Gas cond. modulating 


24.5

12a) tankless mode 



 -7.4

12b) indirect mode 



11.5


2)  I=B=R Certification Test Report for Heating Equipment:

AHRI (Air Conditioning, Heating, and Refrigeration Institute)

 “Certified Product Directory for Boilers, Baseboard Radiation, and

 Indirect Water Heaters:”

www.ahrinet.org/App_Content/ahri/files/Certification/I=B=RBaseboardRadiation.pdf
E1)  Context for my heating system update:


1)  37 year-old 2 story colonial-style house, with the original oil-fired


 boiler.


2)  Hydronic baseboard heat, 2 zones (1st floor and 2nd floor


 separately)


3)  Domestic hot water via tankless coil in the boiler (have always had


 to space out showering vs. dishwasher) 


4)  Family room is at end of house, with three exterior walls, tended


 always to be colder than rest of 1st floor.


5)  Conversion to natural gas would be desirable, but not available in


 neighborhood.


6)  My wife and I are likely to move to a smaller home in 2-3 years.

E2) Goals:


1)  Higher efficiency for the use of fuel oil.


2)  Put the Family Room on a separate zone with its own thermostat.



a) better temperature matching to rest of 1st floor.



b) turn down the thermostat to 60 degrees when not in use to


  save energy.


3)  Add a storage tank for DHW to bear multiple draws simultaneously.


4)  Keep the cost of improvements reasonable;



a) we don't expect a lot of years living here to earn a payback in


  fuel savings



b) exotic high-efficiency stuff may not earn a high payback in selling


  our home.

F)  Equipment Selection Decisions:


1) Condensing Boiler would definitely require a flue liner, but doesn’t



gain that much greater efficiency.

2) Considered briefly the options for shortening time-delay to draw hot

   water on 2nd floor.



a) locate the hot water storage tank closer to points of use.




- hybrid heat-pump heaters are noisy.



- putting heat-pump in a closet not practical; needs air volume




around it




- Indirect-heated tank would require a long piping loop to boiler, lossy.



b) recirculating pump that draws from the hot water pipe at furthest


   point and returns that water through the cold water pipe. 




- doesn't reduce hot-water delay much if it runs only when you



  draw water.




- energy consuming if one runs it by a thermostat constantly




  sensing water temperature at the furthest point.







- possibly affects taste of cold water.



c) point of use water heater.




expensive energy if electric; don't have gas. 



d) the cost of the water, and the heat that is wasted, running 



cooled-off water out of the pipes is pretty insignificant.


3)  Decided to go with Buderus cold-start, but non-condensing boiler


     and indirect DHW as a zone on the boiler.


4)  Decided to specify a Beckett burner (Riello is Buderus’ default)


5)  Decided to locate circulators on boiler output ("pump away") rather


 than on the return pipes.


6)  Decided to split out the family room baseboards to a new, separate zone.


7)  Load presented by the indirect DHW heat exchanger caused me



to be not too aggressive in downsizing the boiler.  The DHW



circulator loop demands a lot of BTU's per minute out of the boiler. 

G1)  List of my Equipment:


Buderus Logano G115/WS/4 Boiler (of sizes /3, /4, /5 sections)



Net I=B=R output = 95,000 BTU/hour at 0.9 gal fuel per hour.


Beckett Model NX Oil Burner with "Cleancut" pump (made by Suntec)


Honeywell L7248C 1006 Aquastat Controller  (top-mounted on boiler)


Taco 007-IFC Circulators (3 heat zones + DHW heat-exchanger loop)


Taco SR 504 four-zone Switching Relay Box


Watts B1156F Water Pressure Regulator


Safgard Model 170SV Low Water Cutoff (Hydrolevel Co.)


Spirovent Air Purger


Extrol Expansion Tank, Model 30


Westwood F100-10 oil filter cartridge

G2) Functions provided by the Honeywell Aquastat/controller:
1) Senses a call for heat from room thermostats or the DHW thermostat.

2) Priority given to the DHW, holding off all other zones (can be disabled if desired)


3) Regulates the water temperature in the boiler, when one or more


zones calls for heat:

a) if boiler temperature is below the high-limit set point, turns on the oil burner and circulator(s)

b) adjustable high-limit set-point turns off the oil burner (leaving circulator(s) running;

c) low-limit set-point tracks the high-limit -25 degrees, turns on the oil burner.


4) When heating demand is satisfied, shuts off the oil burner and circulators.


5) High-limit set-point can be set by up/down pushbuttons on p.c. board.


6) Outdoor reset option can be added.

G3) Opportunities for further energy conservation by the controls, but not provided:


1) Circulator hold-off if the boiler is cold at the start of heat demand.  



a) senseless to circulate cold water into the DHW heat exchanger or room zones.



b) It takes 5 minutes for my boiler to come up to 140-degrees from 70-degrees.


2) Domestic Hot Water Superstor Thermostat differential is only 1.5 degrees (non-adjustable).
a) The boiler will run about every 3-4 hours to bring the temperature back up to
130 degrees.


   (because the SuperStor tank loses about 0.5 degree per hour).

b) Inefficient, because one spends boiler overhead (heating up the boiler as well as the hot water) more often than necessary.  

c) Would be more efficient to have a differential of at least 10 degrees. 


   
d) Workaround:  Manually intervene and run the DHW heating once per day.


   (I installed a shutoff switch for the thermostat)


3)  Heat recovery (from the boiler), to reduce Idle Loss, after demand for heat is satisfied.


i.e. circulate excess boiler heat left into DHW or a zone that will want heat soon.

H)  Summary of heating system changes:


1) new boiler with AFUE = 86.9%


2) split out family room to a separate zone


3) 45 gallon DHW SuperStor tank, indirectly heated by boiler,


   replacing tankless DHW in old boiler.
  4) Results to date?  Lower fuel use, but befuddled by warmer winter this year than before change:


July 1, 2010 to March 3, 2011:  5059 Heating Degree-days, Worcester (normally 4941 Degree-days)     Worcester a closer analog to Lexington than Boston.

July 1, 2011 to March 3, 2012:  4034 Heating Degree-days, Worcester




 






   20.2% less

  September 7, 2010 fill,  to March 4, 2011 fill,      

675 gallons used.

         (heating system out of service Sept. 12th-15th, 2011 for new boiler installation)

September 12, 2011 fill, to February 23, 2012 fill,  
407 gallons used.


    estimate 2/23/12 to 3/3/12, 10 days     add    

  40 gallons







  




-----


total estimated use:
compare 675 gallons to: 

447 estimated use, --> 33% less.

References:

www.greenbuildingtalk.com/Forums/tabid/53/aff/12/aft/78566/afv/topic/Default.aspx = a forum about the benefit of condensing boilers.

www.guardianwp.com/pages/resources/BaseboardHeating.pdf = has a diagram of baseboard/boiler loop

Steve Strickler's find on Google identifies FCX (Monitor Products) "condensing boiler with reset and fin-tube study" used in Brookhaven National Lab tests.  76100 BTUH  http://www.heatinghelp.com/forum-thread/108850/Condensing-oil-boiler.

"With the high sulphur levels and low fuel oil quality that are accepted as standard in the US, anybody that manufacturers or installs an oil fired condensing boiler at this point has a death wish. The only reason an oil fired condensing appliance has been developed is because of the low suphur standards in Western Europe. There is also less latent heat to even be gained in oil. High risk for brave souls. Be careful."

"Condensing Boilers seem to be the way of the future, However Perhaps after over 40 yrs in the industry I wonder whether the client actually wins in the end, First he pays more for this modern technogy then he find that it cost more to service each year (more sophisticated test equipment), Then on top of that he finds that every few years the computer which controls all this fancy machine stuffs up and he is faced with a cost of a new circuit board, I wonder if he added up his cost over say 10 yrs whether he was any better off than if he was with the old boiler."

DATA SHEETS

http://www.buderus.net
   Buderus Boilers
http://www.htproducts.com/superstor-ultra-waterheater.html  Heat Transfer Products (HTP)
http://www.htproducts.com/literature/lp-81.pdf = HTP Superstor-Ultra Product Brochure

http://www.energykinetics.com, Energy Kinetics company
Energy Kinetics System 2000 online brochure: http://www.energykinetics.com/documents/brochures/seasonAfterSeason.pdf 
