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1 INTRODUCTION 

This report contains an assessment of the life cycle energy requirement for typical re-

circulating pipework systems in buildings.  The findings of the research are used to 

put forward new proposals for pipe sizing criteria and to identify other issues that will 

help to reduce pump energy requirements in buildings.   

 
The report is the output of Work Packages 1.7 and 1.8 of the BRE Trust/BSRIA funded 

project “Design Of Energy Efficient Pumping Systems” (DEEPS).  The DEEPS research 

programme aims to identify the issues affecting pump energy, and to produce an authoritative 

guide on how to minimise pump energy consumption in the building services sector. 

 
The objective of Work Package 1.7 is to calculate the optimum pipe sizing criteria necessary 

to minimise the life cycle energy requirement for re-circulating pipework systems.  In simple 

terms, the research will determine how pipes and associated fittings should be sized in order 

to minimise the life cycle energy footprint of the system, i.e. the embodied energy required to 

fabricate the pipes in the first place, plus the pump energy that will be consumed over the life 

of the system. 

1.1 BACKGROUND 

Work Package 1.4 (Industry Stakeholder Liaison) identified the need to establish clear criteria 

to govern the sizing of pipes in heating and cooling systems.  There is a direct link between 

pipe size, pressure loss, pump size and the resulting pump energy consumed.   

 

Feedback from the Stakeholder Liaison indicated that for most design engineers, the aim 

during pipe sizing is usually to select a pipe that can accommodate the required flow of water 

whilst incurring the minimum installed cost of the combined pipework system and pump.  

(For most design engineers, pump energy is not the main issue.)  If pipes are sized with 

relatively high pressure losses, this will result in smaller, cheaper pipework but, due to the 

increased resistance of the pipes, a larger more powerful pump that uses more energy over the 

life of the system. 

 

There is a commonly quoted rule of thumb that pipes should be sized with a maximum 

pressure loss in the range 200-300 Pa/m for all re-circulating pipework systems.  This advice 

appears in design guides relevant to the UK, USA and other parts of Europe.  The origins of 

this guidance are not acknowledged in any of the sources. 

 

In order to evaluate the most energy efficient pipe sizing method, the embodied energy of the 

installed pipework must be taken into account, i.e. the energy required to produce the pipes in 

the first place.  For example, it would be possible to achieve very low pump energy 

consumptions by increasing pipe sizes so that pressure losses were minimal.  However, any 

energy saving achieved would to some extent be negated by the increase in the embodied 

energy of the installed pipes. 

 

It can be seen that a balance has to be struck between the life cycle pump energy requirements 

of a system and the embodied energy requirement of its pipework.  This report addresses this 

issue and aims to provide guidance on pipe sizing that takes into account lifecycle energy 

consumption. 
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2 METHOD 

2.1 EXAMPLE SYSTEM 

An example pipework system layout has been developed that is considered to be 

representative of commercial sized heating and chilled water systems.  A diagram of the 

example system is included in Appendix A to this report. 

 

The example system comprises a standard flow and return pipework system with nominal 

pipe sizes ranging from 15mm to 250mm in diameter.  The distance between branches is 3 m 

since this corresponds to the distance between the different floor levels in a building; it also 

corresponds with the typical distance between cellular office zones in open plan office areas.   

 

Each of the terminal units fed from the example system has a design flow rate of 0.2 kg/s 

which is the flow required to deliver approximately 5.0 kW of cooling to each terminal unit at 

a design temperature differential of 6°C, or 8.4 kW of heating at a design temperature 

differential of 10°C. 

 

The example system serves 10 levels each of which have 50 terminal units, all connected off a 

single straight pipe branch. 

2.2 PUMP LIFE CYCLE ENERGY CONSUMPTION 

For the purposes of determining typical pump life cycle energy consumptions for the 

example system, a number of assumptions have been made as outlined in the 

following sections 2.2.1 to 2.2.7. 

2.2.1 Pipe sizes and pressure losses 

All pipes in the example pipework system have been selected from the range of heavy grade 

steel pipes from BS 1387:1985 (EN 10255) Specification for screwed and socketed steel 

tubes.  The density and viscosity of water at 10°C have been used as the basis for generating 

pipe sizing tables using the CIBSE guide C4 pipe sizing spreadsheet.  Pipes have been sized 

using this spreadsheet, based on limiting pressure drop per metre values ranging from 

50 Pa/m to 700 Pa/m at 50 Pa/m intervals.  Pipe sizes have been selected such that the 

pressure losses in straight pipes do not exceed the stated limiting pressure drop per metre.  

Pipes have also been sized such that the flow velocities in the pipes do not exceed CIBSE 

recommended limits of 1.5 m/s for pipes less than 50 mm diameter, or 3.0 m/s for pipes larger 

than 50 mm diameter.  

 

Pipe pressure losses have been calculated by multiplying the pipe straight lengths by their 

estimated pressure losses per metre.  Pressure losses through fittings such as tees, elbows, 

reductions and enlargements have been estimated using the published pressure loss 

coefficients (otherwise known as “zeta values”) from CIBSE Guide C4 Flow of fluids in pipes 

and ducts.    

 

Terminal branch pressure losses have been estimated on the assumption that they could 

contain up to 8 elbows (4 in the flow pipe and 4 in the return), and the pressure losses through 

the terminal unit and associated valves will be 10 kPa.  

2.2.2 Calculation of pump energy 

For each limiting Pa/m value, a different range of pipe sizes have been selected for the 

example system.  For each alternative set of pipe sizes, an estimate has been made of the 

pump energy required to circulate the water.  This estimate uses the following equation to 

determine pump power.   
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P  =  P.Q / 

 

Where, 

 

P = pump power (W) 

P = pump pressure differential (Pa) 

Q = flow rate (m
3
/s) 

 = overall pump efficiency 

2.2.3 Pump efficiency 

The efficiency of a pump will depend on the pump selected and the relative position of the 

operating point relative to the pump efficiency curve.  For simplicity, it has been assumed that 

a pump efficiency of 60% is achievable in all cases. 

2.2.4 Variations in pump flow rate 

For constant flow systems, the power consumed by the pump will be constant all the 
time the pump is operating.  Although less common in the UK, the survey of design engineers 

conducted as part of work package Work Package 1.4 (Industry Stakeholder Liaison) revealed 

that some design engineers still design constant flow systems.  Hence, constant flow systems 

are included as part of this comparison. 

 

However, most re-circulating pipework systems are designed as variable flow systems in 

which the pump has the opportunity to reduce its speed under part load conditions, thereby 

reducing its energy consumption.  In order to estimate the average flow rate through a system 

that varies its flow in response to demand some assumptions have been made about the likely 

operating pattern of a typical heating or cooling system.   

 

First of all, it has been assumed that the total heating or cooling requirement from the system 

will vary across the heating or cooling season, approximately following the pattern of a sine 

curve as shown in Figure 1.  The requirement for heating or cooling will gradually increase 

until it reaches the coldest part of the winter, or hottest part of the summer.  It will then 

gradually reduce again as the season changes. 
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Figure 1 Typical pattern in heating/cooling demand across a heating or cooling 
season 

 
 
It should be noted that this relationship is not precise and it assumes that the heating and 

cooling loads in the building follow a close correlation with external temperature conditions.  

This may not always be the case as other factors may influence the demand for heating or 

cooling such as: 

 

 Heating system pre-heat times may cause longer periods at 100% capacity than are 

reflected by the curve.   

 

 System and terminal unit over-sizing may cause the system not to reach its full 100% 

output capacity during periods of peak wintertime heat losses or peak summertime 

heat gains. 

 

 Internal heat gains from lighting and equipment may represent a significant part of 

the total building heat gain and be present all year round regardless of external 

weather conditions.  For such buildings the cooling load may always be higher than 

that predicted by a simple sin curve. 

 

Nevertheless, as the basis for a simple comparison exercise, it is considered that the general 

assumption of a sine curve relationship is sufficiently accurate to produce a meaningful 

comparison. 

 

Following this assumption, it can be expected that the flow rate in a variable flow system will 

vary to match the sinusoidal variation in heating or cooling load.  However, the variation in 

flow rate will not follow an identical pattern.  This is because the heating or cooling output of 

a system is not proportional to the flow rate.  Heating and cooling coils operating at close to 

full load tend to be relatively insensitive to changes in flow rate meaning that larger 
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proportional reductions in flow are required to bring about a given reduction in heating or 

cooling output.   

 

Taking this into account, Figures 2 and 3 show how the flow rates through the system would 

typically vary across heating or cooling seasons respectively.  It can be seen from Figures 2 

and 3 that if only 50% of the peak heating or cooling capacity is required then the flow rate 

can in theory drop to as little as 15% of its full load value for a heating system, or 33% for a 

chilled water system. 

Figure 2 Typical pattern in heating system flow rate across a heating or cooling 
season 

 

 
 
In order to estimate the average flow rate through the system across the entire heating or 

cooling season, account must be taken of the fact that no variable flow system will reduce its 

flow rate down to a value of zero.  In order to prevent the risk of the pump pumping against a 

completely closed system, there must always be some pathway open to flow.  For the 

purposes of this exercise it has been assumed that the reduction in flow rate will be not greater 

than 80%, i.e. a minimum flow rate equal to 20% of the full load value.   

 

By breaking down the flow rate curves in Figure 2 and 3 into small sub-divisions, the average 

flow rate across the heating and cooling seasons can be estimated.  As indicated on each 

graph the estimated average flow rates for heating and cooling seasons are 45% and 57% 

respectively. 



METHOD LIFE CYCLE ENERGY ASSESSMENT & FURTHER OPTIONS 

 
10 of 56 © BSRIA Report 50602/1  10 

Figure 3 Typical pattern in cooling system flow rate across a heating or cooling 
season 

 

 

2.2.5 Variations in pump pressure 

As can be seen from the previously stated equation for pump power, the power consumed by 

the pump is dependent on the system pressure loss as well as the flow rate.  In theory, there is 

a square law relationship between flow rate and pressure loss such that the reduction in 

pressure is equal to the reduction in flow rate squared.  Hence, any given drop in flow rate 

should give a much larger drop in pressure loss.   

 

However, in practice this does not happen since in order to achieve the reduction in flow rate 

the system resistance increases due to the closure of control valves as they throttle the flows 

through terminal units.  As a consequence, the reduction in pressure differential across the 

pump is largely determined by how pump speed is controlled.  In many systems pump speed 

is controlled such that pump pressure is held constant under all operating conditions.  This 

may reduce the energy saving potential of the pump but it also ensures that there will always 

be enough pressure in the system to satisfy demand. 

 

Some engineers control pump speed such that the pressure differential is maintained at a point 

further out in the system.  These systems give a better energy saving since the pressure 

generated by the pump is allowed to fall. 

 

For the purpose of this research, two scenarios have been assumed as follows: 

 

 pump pressure held constant under all flow conditions; 

 

 pump pressure at the average system flow rate reduces to 30% of the pump pressure 

generated at full load. 
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2.2.6 System running hours 

The final variable that will influence pump life cycle energy consumption is the number of 

hours for which the pump will run over its operating life.  It has been assumed that the pump 

will operate for 6 months of the year comprising around 4 weeks per month, 5 days per week 

and 12 hours per day.  This gives a total running time of 1440 hours per year.  The life 

expectancy of the system has been assumed as 15 years. 

 

These values have deliberately been selected as minimum values.  In practice, most systems 

would be expected to operate for longer hours than this.  However, by selecting minimum 

durations as a starting point, the relevance of pump energy can be determined before the 

analysis is tested with longer running periods.   

2.2.7 Summary of alternative system operating modes 

The assumptions explained in the preceding section are summarised in Table 1.  It can be seen 

that 5 different system operating modes are to be considered.  The results contained in section 

3 of this report provide outputs relative to each of these operating modes.  

 

Table 1 Alternative system operating modes for example pipework system 

 

Operating 
mode 

Pump speed 
control 

Type Average 
flow rate 

% 

Pump pressure 
at average flow 

rate % 

Operating 
hours per 

year 

Life 
expectancy 

1 Constant flow Heating 
and 

cooling 

100 100 1440 15 

2 Variable flow Heating 45 100 1440 15 

3 Variable flow Heating 45 30 1440 15 

4 Variable flow Cooling 57 100 1440 15 

5 Variable flow  Cooling 57 30 1440 15 

2.3 EMBODIED ENERGY OF PIPEWORK 

The embodied energy of a building material is the total primary energy consumed over its 

lifecycle.  This normally includes extraction, manufacturing and transportation.   

 
For the purpose of this research embodied energy figures have been sourced from the 

Inventory of Carbon and Energy (ICE) version 1.6a, downloaded from the University of Bath 

website.  The ICE data was compiled by the Sustainable Energy Research Team (SERT), part 

of the Department of Mechanical Engineering. 

 
From the ICE database, the embodied energy of steel pipe is 34.4 MJ/kg.  This value is 

comparable to the embedded energy of virgin steel.  Although the embodied energy 

associated with recycled steel is a lot less than this value, the ICE database indicates that 

recycling is not a typical manufacturing route.    

 
For each of the pipe sizing calculations undertaken for the example system, the volume of 

steel in the pipework was calculated using the published figures for the internal and external 

dimensions of the pipes from BS 1387:1985 (EN 10255).  The resulting volume of steel was 

then multiplied by a standard density figure of 7600 kg/m
3
 to give the overall mass of steel in 
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the system.  This mass of steel was finally multiplied by the embodied energy figure of 

34.4 MJ/kg to give the overall embodied energy of the pipework.  All results were expressed 

as kilowatt hours. 

 

 

3 RESULTS 

Appendix B contains the results of the pipe sizing exercise undertaken for the example system 

illustrated in Appendix A.  Tables B1 to B14 show the pipe sizes selected and the pressure 

losses calculated for each section of the example pipework system. 

 

Appendix C contains the results of the embodied energy calculations for each of the systems 

summarised in Appendix B.  Tables C1 to C14 show the calculations of volume and mass of 

steel, and the embodied energy associated with its manufacture and transport. 

 

Tables 2 to 6 below summarise the results and provide a complete calculation of lifecycle 

energy consumption for each of the operating modes summarised in Table 1 above.  

 

Table 2 Lifecycle energy consumption for constant flow heating/cooling 
pipework system (operating mode 1) 
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Table 3 Lifecycle energy consumption for variable flow heating pipework 
system (operating mode 2) 

 
 

Table 4 Lifecycle energy consumption for variable flow heating pipework 
system (operating mode 3) 
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Table 5 Lifecycle energy consumption for variable flow cooling pipework 
system (operating mode 4) 

 

Table 6 Lifecycle energy consumption for variable flow cooling pipework 
system (operating mode 5) 

 

3.1 ANALYSIS OF RESULTS 

3.1.1 Pressure loss per metre pipe sizing criteria 

 

The results indicated that the changes in pipe size brought about by varying the pressure drop 

per metre pipe sizing criterion have a far greater impact on the pump life cycle energy 

consumption than they do on the pipework embodied energy.  This is illustrated graphically in 

Figures 4 and 5 (using the data from Tables 2-6 above).  The graphs show the relationship 

between pump energy, pipework embodied energy and total energy consumption over the life 
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of a constant volume system (operating mode 1) and a variable flow heating system 

(operating mode 2).  It can be seen that pump lifecycle energy consumption contributes the 

largest proportion of total life cycle energy consumption across the entire range of pipe sizing 

criteria considered.  The embodied energy of the pipework is relatively low in comparison. 

 

For all of the operating modes selected, the total lifecycle energy consumption for the system 

is at its minimum when the lowest pressure drop per metre value is used for pipe sizing (i.e. 

50 Pa/m).  This indicates that in order to minimise the total lifecycle energy consumption of a 

re-circulating pipework system, it is better to install large low pressure loss pipes with a less 

powerful pump, rather than small high pressure loss pipes and a more powerful pump. 

 

There is clearly scope to reduce the recommended pressure loss per metre pipe sizing value in 

order to reduce typical pump energy consumptions.  However, any new recommendation 

must take into account the following considerations: 

  

 Any recommendation to increase pipe sizes is likely to cause an increase in the 

installed cost of pipework systems.   

 Larger pipes will also be more difficult to fit into congested services voids within 

buildings. 

 Design engineers may be reluctant to size pipes below 100 Pa/m due to the very low 

velocities that could result, causing increased risk of dirt settlement and air locking.  

 Standard line size orifice plate type flow measurement devices are designed to 

measure flow rates that correspond with pipes sized in the range 250-300 Pa/m.  By 

reducing the limit, installers may need to install non line size devices, i.e. pipework 

would have to reduce in size at the flow measurement device.  

 

Although significant on some projects, these issues should not represent a barrier to putting 

forward a clear recommendation to designers.  It is the author’s view that an immediate 

reduction in the recommended maximum pressure drop per metre limit from 300 Pa/m to 200 

Pa/m would result in a 30% pump energy saving for new installations without incurring any 

significant problems.  It is recommended that this idea is put to stakeholder companies for 

their opinion.  

 

Figure 4 Total life cycle energy consumption for a constant flow system 
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Figure 5 Total life cycle energy consumption for a variable flow system 
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3.1.2 Variable speed pumping 

Figures 6 and 7 show the total life cycle energy consumption for heating and cooling systems 

operating at constant flow and variable flow under different methods of pump speed control.  

The flow conditions for each system are as indicated in Table 1.   

 

It can be seen that the variable speed pumping is able to achieve a significant reduction in 

pump energy consumption, and that the greatest savings occur when pump speed is controlled 

such that the pump pressure is permitted to fall to as low as value as possible.  

 

Table 7 shows a comparison between the average pump powers predicted for each of the 

operating modes when pipes are sized within an upper limit of 300 Pa/m (a typical upper limit 

value used by design engineers on existing projects).  The results show that reductions in 

pump energy consumption of up to 86.5% for heating and 82.9% for cooling can be achieved 

when the pump is controlled such that its speed varies in response to the heating or cooling 

demand in the building.  The savings are largest when both pump flow rate and pressure are 

permitted to reduce to around 30% of the full load pump pressure (operating modes 3 and 5).   
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Figure 6 Total life cycle energy consumption for constant flow and variable flow 
heating system 
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Figure 7 Total Life cycle energy consumption for constant flow and variable flow 
cooling system 
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These savings are due to the cube law relationship between flow rate and pump power.  For a 

given percentage reduction in flow rate, the pump power required to circulate the water has 

the potential to reduce by that percentage cubed.  (Hence a 50% reduction in flow is 

accompanied by a reduction of up to 87.5% in pump power, depending on how pump speed is 

controlled.) 
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Table 7 Comparison between estimated pump powers for stated operating 
modes 

 

Operating mode 
Average flow rate 

(m3/s) 
Pump pressure 

(Pa) 
Pump 

efficiency 
Average pump 

power (W) 
% 

Constant flow, constant pressure, (heating & cooling) 0.200 97327 0.6 32452 100.0 

Average flow 45%, average pump pressure 100% 
(heating only) 0.090 97327 0.6 14603 45.0 

Average flow 45%, average pump pressure 30% 
(heating only) 0.090 29198 0.6 4381 13.5 

Average flow 57%, average pump pressure 100% 
(cooling only) 0.114 97327 0.6 18498 57.0 

Average flow 57%, average pump pressure 30% 
(cooling only) 0.114 29198 0.6 5549 17.1 

 

 

It can be seen that variable speed pumping and its method of control has a far larger impact 

on pump life cycle energy consumption than the choice of pipe sizing criteria.  Nevertheless, 

pipe sizing criterion is still of significance, particularly since not all systems will vary in load 

to the degree assumed for the purposes of this report.   

3.1.3 Contribution of fittings, valves and terminal units 

Table 8 provides a breakdown of pipe pressure losses and fittings pressure losses for each of 

the sets of pipe sizing results tabulated in Appendix B.  Figures 8 and 9 show the main trends 

as graphs. 

Table 8 Comparison between pipe pressure losses and losses due to fittings 

 

Pipe sizing 
criteria (Pa/m 
upper limit) 

Pipe losses 
(Pa) 

Pipe losses 
% 

Fittings losses 
(Pa) 

Fitting 
losses % 

Total losses 
(Pa) 

50 11588 45% 14221 55% 25810 

100 22159 54% 18586 46% 40746 

150 33797 60% 22733 40% 56531 

200 41346 62% 25026 38% 66372 

250 49570 64% 28347 36% 77916 

300 60626 62% 36701 38% 97327 

350 73791 64% 42050 36% 115840 

400 86066 64% 47862 36% 133929 

450 97440 65% 53419 35% 150858 

500 109377 65% 59595 35% 168972 

550 131599 63% 75806 37% 207405 

600 131599 63% 75806 37% 207405 

650 141612 64% 78365 36% 219977 

700 146807 63% 84704 37% 231510 
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Figure 8 shows the change in pipe and fittings pressure losses across the range of pipe sizing 

criteria.  Figure 9 shows how the relative proportions of pipe and fitting losses vary across the 

same range.   

 

It can be seen from Figure 8 that as the pipe sizing criteria is increased, both pipe and fitting 

pressure losses increase.  Over the pipe sizing criteria range, the pipe losses always exceed the 

fitting losses.  It can be seen from Figure 9 that as the pipe sizing criterion reduces from about 

250Pa/m, the proportion of system pressure loss due to pipes reduces whilst the proportion 

due to fittings increases.  This is largely due to the allowance of a fixed 10 kPa pressure loss 

for valves and terminal unit which has been included within the fittings pressure drop figures.  

In all systems, these pressure losses remain approximately constant regardless of changes in 

design flow rate.  It can be seen that for a system sized to a limiting pressure loss of 200Pa/m, 

out of the fittings loss of 25.026kPa, 10kPa is due to the allowance for valves and terminal 

unit.  Beyond the pipe sizing criteria of 250Pa/m, there is no change in the pipe and fitting 

losses as a proportion of the total system losses. 

 

It can be concluded that if the limiting pressure loss per metre pipe sizing value is lowered 

from around 250Pa/m, the significance of fittings increases suggesting that a further 

significant reduction in pump power could be gained by finding ways to minimise pressure 

losses through fittings, valves and terminal units. 

 

Figure 8 Pipe and fitting pressure losses 
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Figure 9 Variation of the pipe and fitting losses as proportion of the total system 
losses 
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3.1.4 Alternative materials 

The use of copper or plastic pipe instead of steel was considered.  The embodied energy 

incorporated in the example system when sized within a limiting pressure loss of 300Pa/m 

was re-evaluated assuming the embodied energy and density values for copper and plastic.  A 

summary of the findings is show in Table 9. 

 

Table 9 Comparison between lifecycle energy consumptions for steel, copper 
and plastic pipework 

 

Operating mode 
Total lifecycle energy (kWh) 

Steel Copper Variation Plastic Variation 

Constant flow, constant pressure, (heating & 
cooling) 740,782 793,725 107% 712,837 96% 

Average flow 45%, average pump pressure 100% 
(heating only) 355,251 408,194 115% 327,306 92% 

Average flow 45%, average pump pressure 30% 
(heating only) 134,447 187,390 140% 106,502 80% 

Average flow 57%, average pump pressure 100% 
(cooling only) 439,367 492,310 112% 411,422 94% 

Average flow 57%, average pump pressure 30% 
(cooling only) 159,681 212,624 134% 131,736 83% 

 

For copper, the embodied energy values published in the ICE database vary in the range 40 – 

70 MJ/kg.  This is attributable to the variety of sources from which copper is derived.  The 

density of copper is also higher than that for steel at 8930kg/m
3
 compared to 7600kg/m

3
.  

Hence, it can be shown that the embodied energy for a given volume of copper is 

approximately 2.4 times as much as for the same volume of steel (i.e. 70 MJ/kg times 

8930 kg/m
3
 compared to 34.4 MJ/kg times 7600 kg/m

3
).  It can therefore be concluded that 

steel is a more energy efficient material than copper for pipework systems.  When pump 

energy is taken into account, the overall increases in lifecycle energy attributable to the use of 

copper pipe would be as indicated in Table 9. 
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For plastic pipe, the embodied energy value published in the ICE database of general plastics 

is 80MJ/kg.  However, the density of plastic is lower than that for steel at around 1000kg/m
3
.  

Hence, it can be shown that the embodied energy for a given volume of plastic is 

approximately 0.3 times that for the same volume of steel (i.e. 80 MJ/kg times 1000 kg/m
3
 

compared to 34.4 MJ/kg times 7600 kg/m
3
).  It can therefore be concluded that plastic is a 

more energy efficient material than steel for pipework systems.  When pump energy is taken 

into account, the overall reductions in lifecycle energy attributable to the use of plastic pipe 

would be as indicated in Table 9. 

 

It can be seen that savings of 17-20% in lifecycle energy consumption are achievable by using 

plastic pipework instead of steel.  The percentage savings are largest in systems where pump 

speed is variable, since pipework embodied energy represents a larger proportion of the total 

lifecycle energy consumption in these systems.   

 

Although these findings do not alter the preceding conclusion that it is better to minimise 

pump energy than pipe sizes, the results do suggest that plastic pipework can provide a 

significant reduction in lifecycle energy compared to steel.  This finding should be considered 

in subsequent stages of the research. 

 

3.1.5 Operating hours and life expectancy 

The analysis of life cycle energy consumption assumes 1440 operating hours per year and a 

life expectancy of 15 years.  These values are considered to be minimums.  In practice it is 

likely that most installed heating and cooling systems will operate for a greater number of 

hours per year and will have a life expectancy in excess of 15 years.  Where this is the case, 

the life cycle pump energy consumption figures will increase whilst the pipework embodied 

energy figures will remain constant.  This will further enforce the conclusions of this research 

that it is better, in terms of life cycle energy consumption, to minimise pump power by sizing 

pipes with as low as possible pressure losses. 
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4 DEVELOP RANGE OF FURTHER OPTIONS 

This section of the report develops a range of further options that might be considered in 

Phase 2 of the project.  These include: 

 

 Detailed modelling of system performance 

 Establishing design guidance for increasing temperature differentials 

 Development of key findings 

4.1 DETAILED MODELLING OF SYSTEM PERFORMANCE 

The objective of this work will be to determine the most energy efficient design solutions for 

re-circulating heating and chilled water systems.  In simple terms, different design solutions 

will be assessed to determine which of them achieves the lowest pump energy consumption in 

practice. 

Method 

The various design solutions described in different industry design guides will be modelled 

and assessed.  Drawing on the advice given in CIBSE Knowledge Series Guide KS7 and from 

known product solutions available from valve suppliers, the various system solutions to be 

modelled are anticipated to include the following: 

 

 A standard constant flow system with 3 or 4 port diverting valves 

 

 A variable flow system using self-balancing arrangements with reverse return layouts 

 

 A variable flow system using differential pressure control valves on sub-branches 

 

 A variable flow system using pressure independent control valves 

 

 A variable flow system using centralised valve modules 

 

An example layout of terminal units shall be developed that is typical of a medium scale 

multi-storey office development, i.e. up to 200 fan coil units spread evenly over 5 floors.  For 

each of the pipe system design solutions identified above, a typical pipework layout will be 

developed, sized and measured.  Based on a calculation of pressure loss for each alternative, a 

notional pump will be sized and the resulting pump energy consumption determined.   

 

The variations in pump energy consumption due to variable speed pumping will also be taken 

into account by selecting a fixed load profile for the building and applying this to the results 

for each option. 

 

The results will be compared to show the relative energy consumption values for each 

solution.  This comparison will be used as the basis for a set of design recommendations for 

engineers regarding optimum design layouts for re-circulating pipework systems. 

 

The findings of work will be written up as an interim report detailing the method, findings 

and conclusions. 

4.2 DESIGN GUIDANCE FOR INCREASING TEMPERATURE DIFFERENTIALS 

The objective of this work package is to establish design guidance that encourages larger 

design temperature differentials in heating systems.  This would achieve the benefit of lower 

pump energy consumptions, plus the additional benefits of higher efficiencies from 
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condensing boilers (due to the reduced return temperatures) and more opportunities for low 

energy heat sources such as heat pumps and solar energy.   

Method 

Alternative circuit design solutions shall be sourced drawing on the experience of equipment 

manufacturers and engineers.  Since other European countries appear to have a greater body 

of experience in the design of systems incorporating condensing boilers, heat pumps and 

combined heat and power (CHP) solutions, reference will be made to the procedures and 

design guides that are used in those countries.  Following the Stakeholders meeting, a number 

of sources in Denmark and Germany have been identified for this purpose, including boiler 

manufacturers and CHP suppliers.  These organisations will be approached in order to obtain 

advice and expertise. 

 

Having established alternative solutions for piping heating systems, the methods proposed 

will be analysed to ensure that the methods proposed are compatible with UK practices.   

The output will be a set of design guidance explaining how to configure system designs to 

optimise the energy performance of central plant items such as condensing boilers. 

 

The findings of the work package will be written up as an interim report detailing the method, 

findings and conclusions. 

4.3 DEVELOPMENT OF KEY FINDINGS 

The objective of this work will be to develop the key findings and recommendation from 

preceding work packages into a design guide suitable for issue to industry.  The guide will 

draw on the background research that has led to the recommendations, but will primarily 

focus on the recommendations themselves.  The draft guide will be circulated to industry 

stakeholders to obtain their input. 

 

A final draft of the guide will then be prepared ready for launch to industry. 
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5 CONCLUSIONS 

Based on the results preceding findings of this report the following conclusions can be drawn. 

 

1. Varying the pressure drop per metre pipe sizing criterion has a greater impact on 

pump life cycle energy consumption than on the embodied energy of installed 

pipework.  Only when the limiting pressure drop per metre sizing criterion is less than 

50Pa/m does the increase in pipework embodied energy become a significant 

contributor to system lifecycle energy consumption.  This conclusion applies:  

 

 to all heating and cooling water system design and control options, i.e. whether 

they are constant flow systems that hold flow constant or variable flow systems 

in which pump speed is varied to match the demand for heating or cooling. 

 

 whether the system pipework is constructed from steel, copper or plastic. 

 

2. Following from the previous item, it can be concluded that in order to minimise the 

total lifecycle energy consumption of a re-circulating pipework system, it is better to 

install large low pressure loss pipes with a less powerful pump, rather than small high 

pressure loss pipes and a more powerful pump. 

 

3. However, a recommendation to size pipes at 50 Pa/m or less would significantly 

increase pipework costs, make it more difficult to fit pipes into buildings, and would 

cause problems of flow measurement.  It is therefore proposed that the recommended 

maximum pressure drop per metre limit of 300 Pa/m be reduced to 200 Pa/m.  This 

would result in a 30% pump energy saving for new installations operating at full load, 

without incurring the aforementioned problems for designers and installers. 

 

4. It has been shown that if the limiting pressure loss per metre pipe sizing value is 

lowered to 200 Pa/m, the proportion of system pressure losses due to fittings and 

components such as elbows, tees and valves increases.  This suggests that a further 

significant reduction in pump power could be gained by finding ways to minimise 

pressure losses through fittings, valves and terminal units.  This issue should be 

addressed at subsequent stages of the research. 

 

5. The findings show that energy savings of up to 86.5% for heating and 82.9% for 

cooling can be achieved when the pump is controlled such that its speed varies in 

response to the heating or cooling demand in the building.  These savings are 

achievable when the building has a heating or cooling load pattern that matches 

outside temperature conditions, and pump flow rate is permitted to reduce to a 

minimum of 20% of the full load design value and pump pressure is permitted to 

reduce to around 30% of the full load pump pressure.  It can be concluded that by 

ensuring that all installed systems have pumps that vary their speed is critical to 

reducing pump energy consumption.  This issue should be addressed at subsequent 

stages of the research. 

 

6. The findings show that that savings of 17-20% in lifecycle energy consumption are 

achievable by using plastic pipework instead of steel.  The percentage savings are 

largest in systems where pump speed is variable, since pipework embodied energy 

represents a larger proportion of the total lifecycle energy consumption in these 

systems.  This finding should be considered in subsequent stages of the research. 
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Appendix: A  
Schematic Diagram of Example System 
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Appendix: B  
Pipe Sizing and Pressure Loss Calculation Results
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Appendix: C  
Embodied Energy Calculation Results 
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