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1.0 Introduction 
 
This report was commissioned by Gordon Burrow on behalf of Landcare Research in 
Lincoln.  
 
The Landcare Research space heating is currently derived from coal boilers that are located 
at the Crop and Food facility. The desire to pursue a carbon neutral fuel that is in line with 
their policy, along with improving the level of heating that is currently available from the 
current system, are the key drivers for this feasibility study.   
 
The infrastructure exists to provide the Landcare Research site with its own centralised 
boiler sytem. 
 

2.0 Data 
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3.0 Existing Installation. 

 
 

The existing system has been based around a centralised hot water boiler system which 
was installed when the building was constructed. From the centralised boiler the hot water 
was reticulated in underground and above ground pipework to other blocks. The boiler was 
decommissioned and removed however the heating reticulation remains in service and is 
fed from the adjacent Crop and Food research facility which has a low temperature coal hot 
water boiler. 
 
 

 
View inside the plant room which has the heating flow and return header. System has one 
primary pump and is distributed through different buildings from the header. The return 
header has isolating and regulating valves which balance the system. 
 

  
 
The existing flue system still in place which consists of a masonry structure with a metal 
flange plate in the boiler room. As the left hand photo show the opening has been utilised to 
provide a path for domestic hot water pipework which would require relocating should the 
flue be reused. This view also shows a view of the un-insulated pipework  
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The system main control panel – digital time 
clock, space heating and domestic hot water 
controllers. The time controller has a night 
setback. The space heating and domestic 
controllers   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Boiler house access stairway. The only 
natural ventilation into the room is via the 
louvres above the window (bottom right). 
Additional Ventilation would be required to 
provide combustion air for a boiler plant. 
This could be achieved by means of door 
louvres and/or a supply air fan. 
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The LTHW system also provides 
primary heating to Domestic Hot Water 
as shown in the adjacent picture. The 
primary water is controlled by a timer 
and the domestic hot water temperature 
controller as shown on previous photo 
of the controls. 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

View of typical building exterior. 
Plantroom is underground at the far 
end of this block and the flow and 
return of the heating mains can be 
viewed along the exterior base of the 
building. 
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4.0 General Comments. 
 
New boiler size.  
The old plans for the plant room had detailed an Ideal 45KD boiler. This boiler from the 
catalogue would have had an output of 718,000 BTU or 210kW. Whether this was the size 
that was removed is uncertain. The current installed primary pump curve would transfer a 
maximum of 460kW (With primary LTHW of 80°C flow an d 70°C return, and 10m head). The 
current LTHW flow and return feed pipes to the distribution header is 65mm nominal bore 
steel pipe at the maximum design velocity would transfer 350kW at 80°C/70°C flow and 
return. For budget pricing purposes that follow a 450kW boiler has been chosen. Should the 
Landcare Research management progress further with the project then the boiler load would 
be more accurately calculated, as pellet/wood chip boilers do not operate efficiently if 
oversized. 
 
Fuel Storage. 
Two options exist for the fuel storage. 
The first is to have a day hopper in the 
boiler room and have an above ground  
fuel bunker up besides the existing waste 
bins. Fuel would then be transferred by 
being blown in a tube across to the day 
hopper. The cost of the weather proof 
above ground bunker along with the 
transfer equipment is likely to be high. 
The option also limits itself to wood 
pellets only. 
 
The second and preferred option is to 
convert the existing stair well into a 
bunker and cover it to weatherproof it. 
The stairs would then be dug in to the 
existing planting and grass area. The 
door would require a weatherproof louvre 
to replace the ventilation lost by removing 
the window. The sketch (N.T.S.) to the 
right provides an indication as to the 
option 
 
Low Temp Hot Water Pipework. 
The existing pipework infrastructure is essentially in good condition although in places parts 
have been isolated, but not removed and in others pipework has been added but not 
insulated. Whether or not the project proceeds this should be addressed and tidied up to 
improve the system efficiency by reducing losses. This comment also applies to the 
domestic hot water system which has redundant circuits as well as pumps 
 
LTHW headers 
The existing headers are functional, however some of the distribution problems of heat not 
reaching the end of some of the buildings could be improved by changing the design to a 
individual compensated loop for each zone.  
 
The current system has only one primary pump which is then balanced by the return header 
isolating and regulating valves (IR valves). This would be effective if  the all of the end use 
equipment has three way valves which would keep the system in balance.  However it is 
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likely that with change of use of building and radiators etc only having two way valves that 
the system becomes unbalanced hence starving the extremities of heat.  
 
By installing a pump with an internal VSD on each of the loops the system could be set up to 
vary flow and pump head with the building load. The existing IR valves would then be able to 
balance the primary flow back to the boiler. 

 
5.0 Options 
 
To provide options to comply with the carbon neutral policy of Landcare Research, excludes 
consideration of fossil fuels. It also limits the use of electricity as the energy source as 
(unless generated by a site wind turbine for example) electricity is not deemed to be carbon 
neutral.  The options are therefore based around wood products that are supply and 
demand side carbon neutral, (albeit the options are demand side). 

 
 

5.1 Conversion to Wood Pellets. 
 
Wood pellets are manufactured near Christchurch from untreated wood waste. They have a 
slightly lower calorific value than the coal that is currently burned, but, (claims Solid Energy 
the supplier) burn a little more efficiently. This has been borne out by operating experience 
at a number of schools that have been converted in the last three years. 
 
Several existing boilers around the Christchurch area have successfully been converted to 
wood pellets and new boilers have been also installed. Some may be also converting from 
wood pellets to wood chip in the near future (creating a supply chain). 
 
In addition to the boiler installation, some other works would be required, in particular: 

·  The current underground boiler has no bunker and a fuel storage location would 
therefore need to be created. This storage needs to be shaped to allow the wood 
pellets to flow and also needs to be weather tight as the pellets do not like water. 

·  A new stoker with the screw feed through to the bunker. Installation of variable 
speed drives on the supply screws to improve the control of the fuel feed to achieve 
optimum combustion efficiency. 

·  Fitting an additional fire protection system to ensure that a fire cannot burn back 
down the fuel screws into the bunker. (Experience on the installations so far 
suggests that this theoretical risk does not occur). 

·  The existing flow and return headers should be replaced with separate pumped 
loops on a variable flow system to ensure maximum efficiency. The existing valves 
are very old globe valves and should also be replaced at this time. 

For: 
·  It retains the existing hot water reticulation system. 

·  It burns a locally produced renewable fuel 

·  It reduces to about 10% the amount of ash generated by the Crop and Food 
Research coal boiler (for the Landcare Research part). Indirectly better for the 
environment. 

·  It is sustainable 

·  It is carbon neutral 

·  With electric ignition the boilers can be allowed to go out in the knowledge that they 
will automatically re-ignite when required. 
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·  The price of fuel is stable and should not increase by more than the C.P.I. 

·  The ash is useable as a garden fertiliser (and is now a certified organic fertiliser). 

Against: 
·  At present there is only one local supplier of pellets. (There are North Island 

suppliers and also importers) 

·  The capital cost to install a renewable energy boiler system is greater than an oil or 
gas. fuel system. 

 
 

5.2 Wood Chip. 
 
Wood chip in certain respects is very similar to wood pellet. It is however a highly variable 
fuel depending on source, production method, and moisture content. 
 
There are essentially two methods of preparation; hogging or chipping.  
 
Chipping is when wood is broken down by a set of knives into small clean cut lumps. 
 
Hogging is when the wood is broken down using a hammer process into smashed up lumps. 
 
Both methods are commonly used around the world. 
 
Having been chipped or hogged the product must then be screened to take out the over and 
undersized product, and then it may (or may not) be dried to produce a consistent product. 
 
The degree of sophistication of equipment necessary to burn chip is a function of the 
method of preparation and how consistent the fuel is. 
 
At one extreme, a well cut, well graded, kiln dried chip will flow and burn as well as wood 
pellets, and will burn with the same boiler and fuel handling equipment. 
 
At the other extreme is a roughly graded hogged product that binds together easily and  
which has had no drying barring that which has occurred naturally between the time it was 
hogged and the time it was burned. At this extreme, one of the sophisticated purpose built 
European boilers and fuel handling systems is required. Although these boilers are generally 
more expensive than their simpler coal and pellet counterparts, they allow the burning of 
relatively cheap chipped or hogged fuels. 
 
Benefits 

·  Carbon neutral (a little more so than pellets with slightly less energy involved in their 
production and transportation). 

·  Clean burning 

·  With electric ignition the boilers can be allowed to go out in the knowledge that they 
will automatically re-ignite when required. 

·  The fuel is indigenous, sustainable and renewable. 

·  The ash generated is about 10% that of coal 

·  The ash is a high value fertiliser. (most users dispose of it in their gardens) 

·  Wood chip is likely to remain competitively priced against wood pellets 
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Limitations 
·  The wood chip industry is in its infancy and at this time the consistency (or 

otherwise) of the locally produced product is unknown. 

·  To re-use the existing boilerhouse, requires the use of a sectional boiler. Such 
boilers require well graded chip, reasonably dry. Such a chip is not expected in 
Christchurch for perhaps one or two more heating seasons 

 

 

6.0 Budget Costs 
The following table provides an estimation for the aforementioned work. The prices are 
equipment including a contractor margin and as installed 

 
 Coal Pellets Chip 
  Existing Single Boiler Single Boiler 
Boilers  $88,900 $115,000 
Bunker  $35,000 $35,000 
Flue  $3,100 $3,100 
Controls  $25,000 $25,000 
Pipework  $30,000 $30,000 
Electrical  $21,000 $21,000 
Installation  $50,000 $50,000 
Building works  $10,000 $10,000 
Total  $263,000.00 $289,100.00 
        
Estimated fuel use (tonnes/yr) 

70 75 115 
Cost/tonne $195 $315 $100* 
Annual fuel costs $13,650 $23,625 $11,500 
        
Carbon emissions (tonnes/year) 

156 0 0 
 Boiler/system efficiency 60% 75% 75% 
Carbon cost @$30/T $4,680 $0 $0 
Est. Annual Operating Cost 
(excluding maintenance) $18,330 $23,625 $11,500 

 
*This price is a current best guess, as fuel is still in the trial stages. 
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7.0 Energy Efficiency Works. 
 
The energy efficiency works should be considered regardless if the centralised heating 
boiler is chosen. 
 

·  Thermostatic radiator valves should be fitted to the radiators to allow the system to 
unload and provide adequate control in spring and autumn conditions. 

·  Refurbish the supply header to have compensated loops to each of the 9 loops (or 
as many as are currently in use).  

·  Refurbish the controls to install a basic BMS to more accurately control each of the 
buildings and provide monitoring.  

 
Budget Cost: $20-25K  

 
8.0 Discussion 

. 

·  The size of the boiler required allows for competitive pricing amongst several local 
suppliers and manufacturers, however the location of the boiler in the underground 
plantroom does limit the boiler to a sectional type which could be made up from the 
sections. Other boilers could be considered if the boiler is installed when the bunker is 
constructed. For the budget costs above a Taymac sectional boiler has been used. 

·  The existing connection to Food and Crop Research could be left as a backup to the 
boiler in the event of a boiler malfunction. This would negate the need to have a second 
boiler which would not likely fit into the boiler plantroom. 

 

9.0 Conclusions and Recommendations 
 
·  The Installation of a wood pellet boiler system will be a good way for Landcare Research 

to become carbon neutral for their space heating and some domestic hot water. This 
initially will be slightly more expensive to run than the present coal system and so a 
design that can also accommodate the future wood chip fuel should be employed. 
Landcare Research will also need to use this motivation to be carbon neutral to 
overcome the capital expenditure required.  

 
·  The required boiler size should be calculated using first principals, and this used to 

design a system incorporating a solid fuel boiler in the underground plantroom. 

 

·  The existing heating flow and return headers should be modified to modernise them to 
allow for an energy efficient design. At this time the controls to the heating system could 
also be upgraded.   

 

·  The existing stairwell should be modified to accommodate a new fuel bunker. The stairs 
would require to be relocated to allow this installation. 

 
Scott Pickering  

POWELL FENWICK CONSULTANTS LIMITED  
 
 
This report has been prepared solely for the benefit of our client.  No liability is accepted by 
this firm or by any principal, or director, or any servant or agent of this firm, in respect of its 
use by any other person.  Any other person who relies upon any matter contained in this 
report does so entirely at their own risk. 
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Appendix 1. 
 

Fuel consumption estimates. 
 

  Coal Wood Pellets Wood Chip 

  

Coal GCV 
TJ/1000t 

(1) 

Current 
Est 

System h 
tCO2/T

J (2) 
Coal Fuel 
Cost/t (3) 

$/tonne 
CO2 (3) New Boiler h 

Wood 
Pellet GCV 
MJ/kg (2) 

Wood 
Pellet $/t 

(3)   New Boiler h 

Wood 
Chip GCV 
MJ/kg (2) 

Wood 
Pellet $/t 

(3)   

 
Constants 

-> 25.1 60% 90.4 $195 $30 75% 19 315   75% 12 100   

Landcare 
financial 

year  

Coal  
from total 
(t/annum) 

(1) 

TJ/annum 
Coal 

Supplied 

TJ/annum 
Useful 
Energy 

tCO2/ 
annum 

$/annum 
Fuel - 
Coal 

$/annum 
CO2 - 
Coal 

MJ/annum - 
Wood Pellet 

Boiler 

t/annum - 
Wood 
Pellets 

$/annum 
Fuel - 
Wood 
Pellets 

Additional 
Operation

al Cost 

MJ/annum - 
Wood 
Pellet 
Boiler 

t/annum - 
Wood 
Pellets 

$/annum 
Fuel - 
Wood 
Pellets 

 
Operational 

Savings 

95/96 71.8 1.8 1.1 162.9 $14,002 $4,888 1441832 76 $23,904 $5,014 1441832 120 $12,015 -$6,874 

96/97 70.6 1.8 1.1 160.2 $13,765 $4,805 1417440 75 $23,500 $4,930 1417440 118 $11,812 -$6,758 

97/98 69.4 1.7 1.0 157.4 $13,523 $4,721 1392548 73 $23,087 $4,843 1392548 116 $11,605 -$6,639 

98/99 61.6 1.5 0.9 139.9 $12,020 $4,196 1237731 65 $20,520 $4,305 1237731 103 $10,314 -$5,901 

99/00 69.7 1.7 1.0 158.1 $13,586 $4,743 1398974 74 $23,194 $4,865 1398974 117 $11,658 -$6,670 

00/01 55.9 1.4 0.8 127.0 $10,910 $3,809 1123470 59 $18,626 $3,907 1123470 94 $9,362 -$5,357 

01/02 67.1 1.7 1.0 152.2 $13,081 $4,566 1347021 71 $22,332 $4,685 1347021 112 $11,225 -$6,422 

02/03 62.4 1.6 0.9 141.5 $12,158 $4,244 1251988 66 $20,757 $4,354 1251988 104 $10,433 -$5,969 

03/04 74.1 1.9 1.1 168.2 $14,456 $5,046 1488566 78 $24,679 $5,177 1488566 124 $12,405 -$7,097 

04/05 74.3 1.9 1.1 168.6 $14,487 $5,057 1491740 79 $24,731 $5,188 1491740 124 $12,431 -$7,112 

05/06 70.1 1.8 1.1 159.1 $13,675 $4,774 1408209 74 $23,347 $4,897 1408209 117 $11,735 -$6,714 

06/07 73.8 1.9 1.1 167.5 $14,399 $5,026 1482736 78 $24,582 $5,157 1482736 124 $12,356 -$7,069 

07/08 71.9 1.8 1.1 163.2 $14,022 $4,895 1443935 76 $23,939 $5,022 1443935 120 $12,033 -$6,884 

Maximum 74.3 1.9   168.6 $14,487 $5,057 1491740 79 $24,731 $5,188 1491740 124 $12,431 -$5,357 

Average 68.7 1.7   155.8 $13,391 $4,675 1378938 73 $22,861 $4,796 1378938 115 $11,491 -$6,575 

               

Notes               

(1) Coal usage data supplied courtesy of Landcare Reaserch (Based on m2 area of building proportion of Crop Research Boiler's usage) 

(2) Energy Constants from NZ Energy Information Handbook © Taylor Baines & Associates 

(3) Fuel cost estimated at time of this report from actual costs from other sites. 

 


