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Abstract 
The ADE CIBSE Heat Networks Code of Practice (CP1 2020) (2), now has a minimum 
requirement that for kitchen hot water outlets, a temperature of 45oC must be delivered 
within 45 seconds. Historically, this has not been met by most heat networks.  
Delivery time trials were undertaken to determine a design approach for acceptable delivery 
times. The key finding is that the additional time created by the pipe cooling down to 
ambient between usage events has a significant impact on the total delivery time, which is 
not currently accounted for at design. The paper presents empirical data and equations as 
a first stage to establish advice as to how to allow for the warm up time during design. 
Further research is required to create a robust industry standard. 
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1. Introduction 
Heat networks are a key vehicle for decarbonising heat in the UK. For domestic applications 
the typical configuration is that heating and hot water is provided via a network of flow and 
return pipes that supply a small Heat Interface Unit (HIU) located either locally externally, or 
internal to the dwelling itself. In the UK context these HIUs are typically ‘indirect’ in that they 
have two plate heat exchangers (PHEX), with one of the PHEX delivering instantaneous 
domestic hot water (DHW), which requires no cylinder for storage, and the other PHEX 
delivering heating. The DHW plate is typically kept warm by the HIU permitting either a 
trickle-flow or periodic pulse flow from the network, essentially priming it for hot water usage 
events when they occur. This enables the rapid delivery of DHW when there is draw-off 
from an outlet. The BESA UK HIU Test Standard (1) sets a requirement for DHW to be 
delivered from an HIU at 45°C within 15 seconds, though most leading HIUs achieve 45°C 
significantly faster than this. 
Despite the presence of this keep warm function, with a relatively quick delivery of hot 
water, DHW delivery times are a major issue in new build dwellings.  
Long DHW delivery times result in poor resident satisfaction and complaints. To counter this 
issue, the latest industry design standard, the ADE CIBSE Heat Networks Code of Practice 
(CP1 2020) (2), now has a minimum requirement that for kitchen hot water outlets, a 
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temperature of 45oC must be delivered within 45 seconds. Developers are increasingly 
extending this requirement to all DHW outlets.  
FairHeat has carried out rigorous acceptance testing in more than 5,000 dwellings. The 
majority of these dwellings based on ‘traditional’ design approaches fail to meet the 45oC 
with 45 second requirement. This is due to a combination of: 

• Systems plumbed in series, requiring large pipe sizes for common supply to multiple 
taps; 

• Oversized pipes for the required peak flow rate; 
• Low hot water outlet flow rates, as required by the latest Build Regulations Part G, to 

reduce water consumption levels; 
• Long pipe runs. 

 
Those dwellings that do meet the 45oC with 45 second requirement have normally had 
specific designs implemented to ensure rapid DHW delivery. The optimal solution is to 
supply outlets in parallel (individually) from a common DHW manifold and to size pipes to 
velocity limits, rather than pressure drop limits, to allow for smaller pipe sizes to be selected 
for a given flow rate. However, even in these cases, there is an issue with design approach 
with DHW delivery times that are significantly longer in practice than design. This is 
predominantly due to designers not considering the impact of heat transfer into the pipe 
material on DHW temperatures.  
In-situ testing and analysis of DHW delivery times was undertaken to provide industry 
guidance on the necessary arrangement and pipework sizes to achieve acceptable delivery 
times and CP1 2020 compliance. The purpose of this analysis is to produce a standardised 
guide for pipe sizing for variable DHW delivery times, pipe lengths and flowrates. 
2. Methodology 

2.1. Scope of analysis 
DHW delivery time trial testing was undertaken to determine the impact of varying pipe 
lengths, pipe sizes and outlet flowrates to determine what configuration and pipe size would 
be required to achieve a delivery time of 45oC in 45 seconds. The test looked at two 
different plastic pipework manufacturers. Both of the systems selected were of Multi Layer 
Composite Pipe (MLCP) construction, with a layer of aluminium sandwiched between two 
layers of Polyethylene Raised Temperature (PE-RT). The reason for this selection was the 
high integrity of the fittings and installation methodology, in combination with the suitable 
temperature and pressure rating for the application. There are also other pipe materials 
available that are suitable for the DHW application, and the ultimate selection will come 
down to the preferred fitting design, available sizes, Water Regulations Advisory Scheme 
(WRAS) approvals, cost and temperature/pressure rating. Each manufacturer’s system was 
tested independently in two separate dwellings. 
In each dwelling, a temporary manifold was attached directly to the HIU to facilitate changes 
required to pipe sizes and lengths, as seen in Figure 1.  
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Figure 1: Manifold attachment directly to HIU  
The scope of the analysis was limited to the three smallest pipe diameters available from 
the pipe manufacturers, as outlined below in Table 1. For each diameter of pipe, the DHW 
delivery time was tested for varying pipe lengths of 5, 15 and 25 metres and for varying 
flowrates of 4, 6 and 9 l/min at the outlet.  
 

Pipe Manufacturer 
Pipe sizes tested 

Outside diameter 
(mm) 

Wall thickness 
(mm) 

Inner diameter 
(mm) 

Manufacturer A 

12.0 1.60 8.8 

16.0 2.00 12.0 

20.0 2.25 15.5 

Manufacturer B 

16.0 2.20 11.6 

20.0 2.80 14.4 

25.0 3.50 18.0 

Table 1: Pipe manufacturer and pipe sizes tested during DHW delivery time testing. 
In cases where the outlet failed the Acceptance Testing Criteria to achieve 45°C in 45 
seconds with a particular set of parameters, or it became obvious that the test would fail 
based on tests already taken, it was decided to not pursue further tests with either a lower 
outlet flowrate, larger pipe size or longer pipe length on the basis that it would fail the 
criteria. 

2.2. Testing Methodology 
For each pipe type (manufacturer and diameter), tests were conducted on the longest 
length of pipework first and then reducing in length down to the shortest length. The 
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pressure of boosted cold water was set to 3 bar at the pressure reducing valve located in 
the corridor. The following cooling procedure was carried out for each test: 
(I). To cool the system and ensure similar testing conditions for each test, the following 
steps were carried out: 

• The HIU was isolated on the primary side to disable primary flow through the DHW 
plate; 

• The hot water outlet to be tested was fully opened to draw boosted cold water (BCW) 
through the DHW plate to cool it down; 

• Once the DHW plate was sufficiently cooled, as indicated by the hot water outlet 
temperature sitting below 19.5°C, the isolation valve on the primary side was 
opened; 

• A waiting period of 2 minutes was timed between opening the primary side isolation 
valve and starting the delivery time test to provide a level of control among the tests. 

(II). Once the cooling process was completed, the DHW delivery test was carried out. The 
following procedure was carried out for each test: 

• The outlet was opened with the flow rate at the predetermined maximum flow rate 
(i.e 4, 6 or 9 l/min) and the following measurements recorded: 

a. Temperature readings every 5 seconds from the temperature probe at the 
outlet until the outlet reached a stable temperature; 

b. The time it took for the outlet temperature to reach 45°C; 
c. The tap flow rate; 
d. Primary flow rate, power, flow and return temperatures from the HIU heat 

meter after the final temperature had stabilised; 
• The outlet was closed. 

It should be noted that a random selection of tests were repeated three times to prove the 
accuracy and consistency of this method of testing. In all test cases, the delivery time of 
achieving 45oC was within less than a second of each other.  
In order to separate the delivery time through the pipework from the time taken for the HIU 
and manifold outlet combination to deliver 45oC, nine additional tests were conducted for 
each HIU and manifolder test rig. The same outlet arrangement as used during testing was 
attached directly onto the HIU manifold and three tests were repeated for each of the three 
outlet flow rates. The tests followed the same testing regime as outlined above, except 
temperature readings were taken every second by way of a video recording. Table 4 shows 
the results of these tests.  
 

HIU in dwelling Flow rate (l/min) Average delivery time to achieve 
45°C at the manifold outlet (s) 

Manufacturer A rig 

4 8.4 

6 5.7 
9 3.7 

Manufacturer B rig 

4 11.3 

6 5.7 
9 5.0 

Table 2: Average delivery times from the two HIUs used for the conducted tests.  
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2.3. Equipment Specification 
Table 3 below outlines the specification of the equipment used during the testing regime 
described in Section 2.2. 

Equipment name To test Specification 

Comark PDQ400 waterproof 
digital thermometer Water temperatures 

Temperature measurement 
range: 
-20 – 200°C 
Accuracy: 
± 0.5 °C 

Arctic Hayes U-Flow flow 
measure Outlet flow rates Flow rate measurement range: 

4 – 22 l/min 

Flow restrictor Outlet flow rates 

Flow rates achieved: 
4 l/min* 
6 l/min 
9 l/min 

HIU Delivery times BESA Registered Twin Plate 
Mechanical HIU 

Table 3: Equipment specification  
1*Due to an order misplacement, no 4 l/min flow restrictor was delivered. Therefore, a 
ball valve was calibrated to provide a level of restriction that produced a 4 l/min flow 
rate at the outlets tested. 

3. Results 
This section presents the overall results of the tests. An example graph is presented in 
Figure 2, showing Manufacturer A’s test results for a flow rate of 6 l/min. The full results are 
presented in Table 4 and Table 5. 
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3.1. Manufacturer A example graph 
 

 
Figure 2: Delivery time to 45°C at outlet with outlet flow rate of 6 l/min for Manufacturer 
A pipework of varying diameter and length.    
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3.2.  Full results 
 

Test Cases Time 
taken 

to 
45°C 
(s) 

Pipe 
Length 

(m) 

OD 
(mm) ID 

Tap 
flowrate 
(l/min) 

25 12 8.8 4 60 
25 12 8.8 6 35 
25 12 8.8 9 25 
15 12 8.8 4 40 
15 12 8.8 6 20 
15 12 8.8 9 15 
5 12 8.8 4 25 
5 12 8.8 6 10 
5 12 8.8 9 10 

25 16 12 4 No 
Test 

25 16 12 6 60 
25 16 12 9 40 
15 16 12 4 65 
15 16 12 6 35 
15 16 12 9 25 
5 16 12 4 25 
5 16 12 6 15 
5 16 12 9 10 

25 20 15.5 4 No 
Test 

25 20 15.5 6 No 
Test 

25 20 15.5 9 60 

15 20 15.5 4 No 
Test 

15 20 15.5 6 55 
15 20 15.5 9 35 
5 20 15.5 4 35 
5 20 15.5 6 20 
5 20 15.5 9 15 

Table 4: Manufacturer A pipework delivery time results summary. Test results of over 
45 seconds before reaching 45oC are highlighted in red, as well as tests not undertaken 
due to previous results confirming it would fail the requirement.  
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Test Cases Time 
taken 

to 
45°C 
(s) 

Pipe 
Length 

(m) 

OD 
(mm) ID 

Tap 
flowrate 
(l/min) 

25 16 11 4 100 
25 16 11 6 60 
25 16 11 9 40 
15 16 11 4 60 
15 16 11 6 40 
15 16 11 9 20 
5 16 11 4 20 
5 16 11 6 15 
5 16 11 9 10 

25 20 14.2 4 160 
25 20 14.2 6 85 
25 20 14.2 9 60 
15 20 14.2 4 90 
15 20 14.2 6 50 
15 20 14.2 9 40 
5 20 14.2 4 30 
5 20 14.2 6 15 
5 20 14.2 9 15 

15 20 14.2 4 No 
Test 

15 25 17.6 6 80 
15 25 17.6 9 50 
5 25 17.6 4 40 
5 25 17.6 6 20 
5 25 17.6 9 15 

Table 5: Manufacturer B pipework delivery time results summary. Test results of over 
45 seconds before reaching 45oC are highlighted in red, as well as tests not undertaken 
due to previous results confirming it would fail the requirement. 
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4. Analysis 

4.1. Factors influencing DHW delivery times 
The time required to reach a target DHW temperature is a function of: 

1. HIU and manifold warm up time – how long the HIU takes to generate the target 
temperature at the outlet to the manifold. Table 4 shows these time periods for each 
flow rate, ranging between 5 and 11 seconds with an average comparable to the 
results for delivery times of the BESA test of the unit.  

2. Time to clear cold water from the pipe – between draw off events, a dead leg of 
water will reside between the HIU outlet and the tap outlet, which will eventually 
reach ambient conditions. This volume needs to be cleared before the new, hot 
water generated by the HIU reaches the tap outlet. 

3. The heat transfer from the hot water into the pipe – the pipe material itself is initially 
at ambient temperature. As new, hot water generated by the HIU enters the pipework 
it will initially be cooled by the pipe, until the pipe material itself reaches the same 
temperature of the fluid.  

The third factor is the hardest to theoretically predict and one that is often not adequately 
accounted for at design. Importantly, there is an interaction between pipe length and the 
proportionate impact of the heat transfer effect.  
Figure 3 and Figure 4 depict the delivery times for the Manufacturer B pipework with an I.D. 
of 14.2 mm subject to a flow rate of 6 l/min. Figure 3 shows the test on a 5 m run of pipe 
and demonstrates that the heat transfer from the hot water into the pipework is relatively 
insignificant. This is because the thermal mass of the pipe material is relatively small, due to 
the short length.  
Figure 4 shows the same test performed on 25 m of pipework. The impact that this longer 
run of pipe has on extending the time to reach 45 s is significant, with an additional 35 s 
added to the delivery time over what would be expected from clearing the pipe and the HIU 
delivering 45°C to the DHW manifold.  

 
 
Figure 3: Delivery time data for Manufacturer B 14.2 mm I.D. with 6 l/min and 5 m run 
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Figure 4: Delivery time data for Manufacturer B 14.2 mm I.D. with 6 l/min and 25 m run 
This is an important observation from the trial as it shows the importance in accounting for 
all factors that impact delivery times at design. For runs much over 5 m, the pipe material 
will extend the delivery times and so sufficient contingency for this must either be calculated 
or estimated so that the actual, tested delivery times of the as built systems achieve the 
required parameters.  

4.2. Predicting DHW delivery time 
 
As set out in 4.1, DHW delivery time is made up of three components: 
 

i. The time to deliver DHW from the HIU and DHW manifold (H) 
ii. The time to clear cold water from the pipework and (C) 
iii. The time to heat the surrounding pipe material such that 45°C water is able to be 

delivered (T) 
 
Simplistically, this can be represented as follows: 
 

𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝑇𝑇𝐷𝐷 = 𝐷𝐷 + 𝐶𝐶 + 𝑇𝑇  
 
Of these, H and C are relatively simple to determine. 
 
As set-out in Table 4, H, the time for the HIU to warm-up and deliver DHW at 45°C from the 
manifold can be relatively easily determined for each HIU and manifold arrangement and 
can be considered to be relatively consistent for a given flow rate. 
 
The time to clear cold water from the pipework, C, is computationally straightforward and 
can be calculated as per the following equation: 

 

𝐶𝐶 =
𝛱𝛱𝐷𝐷2𝐿𝐿
𝐹𝐹   

Where:  
• r = internal radius of the pipe in m 



Page 11 of 16 
 

• L = length of the pipe in m 
• F = flow rate in m3 per second 

 
 
Determining T, however, is theoretically difficult to predict, as the heat transfer to the pipe 
material will constantly change over time and along the length of the pipe, with heat loss to 
the ambient air surrounding the pipe.  
 
An investigation was made of whether an experimental constant could be derived as a 
function of the length of the pipework, where T = Lα. Where “L” is the length of the pipe and 
“α” is an experimental constant. 
 
While this was possible, there was a different constant for each diameter of pipe and flow 
rate, as per Table 6 below. Note that the α values are indicative.  
 

Diameter (mm) Flow Rate 
(L/min) α 

20 
4 2.504 
6 1.190 
9 0.945 

16 
4 1.860 
6 0.867 
9 0.626 

12 
4 1.592 
6 0.456 
9 0.399 

Table 6: α values derived from experimental data 
 
This is not particularly useful as a general methodology for assessing delivery times across 
different pipe dimensions, materials and flow rates. 
 
However, upon investigation, it was found that the flow rate of DHW per kg of pipe material 
in the DHW pipe system is a strong predictor of the impact of heat transfer to the pipe 
material.  
 
In conducting the analysis, the actual time T was calculated for each of 23 conditions 
(combination of pipe diameter, pipe length and flow rate) by deducting H and C from the 
total DHW delivery time (time to reach 45°C). 
 
A regression analysis between Mass/Flow rate and T (impact of heat transfer on delivery 
time) showed that there was a strong correlation, with an R Square of 0.88. The calculation 
is: y = 1.262 Mass(kg)/Flow(l/s). 
 
As show in Figure 5, the DHW flow rate per kg of pipe mass is a strong predictor of the 
impact of heat transfer on DHW delivery times. 
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Figure 5: Line Fit Plot for Actual vs Predicted Warm up time as a function of Mass 
(kg)/Flow (l/s) 
 
It is appreciated that calculating pipe mass requires investigation and may not be readily 
available. However, as kg mass of pipework correlates perfectly with the volume of the 
pipework, which is relatively easy to calculate, the same analysis was carried out with Pipe 
material volume (m3) per Flow Rate (l/s). 
 
As there is a perfect correlation, the R Square value was again 0.88, but this time the 
calculation is: y = 1281 Pipe Volume (m3)/ Flow rate (l/s). 
 
As such, for MLCP pipework from a manifold, DHW delivery time can be approximated by 
calculating the volume of pipe material as a function of the flow rate, using the following 
equation: 
 

𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝑇𝑇𝐷𝐷 = 𝐷𝐷 + 𝐶𝐶 +  
𝑉𝑉
𝐹𝐹 𝑌𝑌 

 
Where:  

• H is the HIU and manifold heat up time at a given flow rate (as per Table 4) 
• C is the time to clear cold water from the pipework, described previously 
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• V is the mass of pipework from the manifold to the outlet 
• Y is an empirically derived constant = 1,281 (note, this is only valid for this particular 

data set and should be verified for the systems being used by any design through in-
situ testing to verify its accuracy or required modification). 

 

4.3. Impact of pipe dimensions on noise, velocity and pressure drop limits 
Noise at high flow rates can be a concern, particularly within occupied rooms within a 
dwelling.  While no measurement of noise was carried out during the tests, the audible 
difference in noise between pipe sizes was negligible (it was not possible for those present 
to detect the noise from the pipe as above ambient noise). 
Error! Reference source not found. shows the delivery times, velocities and pressure 
drops that result for the 12mm Manufacturer A pipework from the test and theoretical 
calculations. As shown, the velocity limits as required by CIBSE Guide G (3) (1.5 m/s for 
plastic pipework in ceiling voids) will be exceeded for flow rates of 6 l/min and above. 
However, this limit is associated with noise limits, which, during the trial were shown to be 
minimal even for the 9 l/min case. In addition, CIBSE Guide G (3) also states that “once the 
internal pipe velocity exceeds 3.0 m/s, significant noise can be transmitted from the pipe”. 
For 9 l/min or less, this 3.0 m/s is not exceeded and so there is reasonable justification to 
exceed the 1.5 m/s limit based on the trial observations, but to stay within the 3.0 m/s noise 
limit outlined by CIBSE Guide G (3).  
 

Flow rate 
(l/min) 

Tested time to 45°C 
(seconds) Velocity 

(m/s) 

Pressure 
drop/m 
(Pa/m) 

Pressure drop (kPa) 

5m 15m 25m 5m 15m 25m 

9 10 15 25 2.47 9,500 47.5 142.5 237.5 

6 10 20 35 1.65 4,600 23.0 69.0 115.0 

4 25 40 60 1.1 2,500 12.5 37.5 62.5 

Table 7: Delivery times, velocities and pressure drops for the Manufacturer A 8.8 mm 
ID MLCP system 
The ultimate selection of DHW distribution pipe sizes must be assessed for each dwelling 
type and outlet given the conditions under which it will operate, but as a rule of the thumb, 
the following recommendations are suggested to form the basis of an initial sizing guide: 

1. 8.8 mm I.D. pipework is likely to be a suitable selection for flow rates of 6 l/min or 
below.  

2. The velocity limits of 1.5 m/s in CIBSE Guide G (3) can be exceeded without 
introducing excessive pipework noise.  

3. The total pressure drop and subsequent outlet pressure must be assessed for each 
outlet to avoid inadequate pressure being available at the outlet. This check should 
be carried out as standard when selecting each pipe size based on the results from 
this report. 
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4.4. Estimate of impact on water and energy consumption 
The selection of the diameter of pipework will have an impact on the water energy 
consumption related to hot water usage for a resident. Therefore, a high-level calculation 
has been carried out to enable an assessment of this impact.  
As delivery times increase with larger pipe diameters, a resident would need to wait for a 
longer period of time until the water reached a satisfactory temperature. If defining any cold 
water disposed before commencing the use of the tap as unutilised, this water can be 
categorised as wasted. At the same time, after the outlet has been closed, an amount of 
heated water will be left in the pipework. If defining the energy required to heat this water as 
unutilised by the resident, this energy can be categorised as a loss. 
The following assumptions have made for the assessment: 

• Unutilised water and energy are defined in accordance to the above definitions;  
• A kitchen tap is assumed to have a flow rate of 6l/min, a shower 9 l/min and a wash 

hand basin 4 l/min, as per a typical hot water outlet specification from a private 
developer (these are also close to the Part G (4) Optional flow rate specifications of 
6, 8 and 5 l/min for the kitchen sink, shower and wash hand basing, respectively); 

• The Energy Savings Trust study on “Measurement of Domestic Hot Water 
Consumption in Dwellings” (5) was used to derive an appropriate number of hot 
water runoffs/day, with the average result of 28 runoffs/day used. This has been 
assumed to be broken down into two shower events, 10 wash hand basin events 
and 16 kitchen sink events; 

• As this is a comparative assessment, it has been assumed the DHW manifold is 
placed immediately after the HIU (i.e. zero volume).  

• Cold water temperature of 10°C; 
• A resident is assumed to wait until the hot water temperature reaches 45°C before 

commencing their use; 
• The length of pipe from the HIU to the following outlets was derived from a typical 1-

2 bed dwelling design from a recent new build development: 
o Kitchen sink is assumed to be 5 m; 
o Wash hand basin is assumed to be 15 m; 
o Shower is assumed to be 15 m; 

 
Given these assumptions, the amounts of water and energy associated with different pipe 
diameters are presented in Table 8 below, calculated per person per day. 
Consumption 
impact (per 
property per 
day) 

ID16 ID12 

 
Tap runoff 
events/day  

Wasted 
water/day 
(l/day) 

Wasted 
energy/day 
(kWh/day) 

Tap runoff 
events/day  

Wasted 
water/day 
(l/day) 

Wasted 
energy/day 
(kWh/day) 

Kitchen tap 16 56 2.6 16 32 1.5 
Shower 2 7.5 0.26 2 2.5 0.16 
WHB 10 43 2.0 10 27 1.2 
Totals 28 106.8 4.9 28 63.2 2.9 

Table 8: Unutilised consumption of water and energy for one property/day, calculated 
for MLCP pipework with an inner diameter of 16mm and 12mm. 
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Comparing the results for the two pipe diameters, there would be a potential saving in 
unutilised water and energy by reducing the pipe diameter. The potential savings are 
outlined in Table 9 below.  
An important assumption in the assessment to note is the assumed return to ambient 
temperature conditions of the pipework and stagnant water between all 28 runoff events. In 
reality, runoff events that occur in close proximity to each other will not result in elevated 
delivery times as the pipework and water will have remained at a temperature above 
ambient. However, even after applying large error margins to the results of Table 9, its clear 
that significant savings in volume and energy are likely to result by reducing DHW delivery 
pipework sizes when compared against typical benchmarks of 110 l/person/day and 
c.1,500-2.000 kWh/property/year.   
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Potential savings Calculated 

Water savings in litre/person, day 43.6 

Energy savings in kWh/person, day 2.0 

Water savings in litre/person, year c.16,000 

Energy savings in kWh/person, year c.730 

Table 9: Potential savings in water and energy consumption, calculated for one 
person, by reducing the installed pipe diameter from 16mm to 12mm. 

5. Conclusions & Recommendations  
The study demonstrated that for DHW runs requiring either long pipework or low flow rates, 
the warm up time becomes the most significant element of the delivery time. Currently, this 
is not given adequate consideration during design, partly due to a lack of awareness but 
also due to the complexity in accurately calculating its impact. The issue of long delivery 
times in operational heat networks is being exacerbated by a reduction in outlet flow rates 
necessitated by Part G (4). The warm up factor, presented as “T” in the overall delivery time 
equation in this report, must be considered by design consultants on future heat network 
designs, or the CP1 2020 (2) minimum requirement for DHW delivery times of 45oC will not 
be met.  
This paper represents the beginning of deriving theoretical and empirical approaches for 
calculating “T”, the warm up time, but significant research is required in a wider range of 
products and applications so that a recognised design standard can be adopted by the 
industry. 
In moving to lower pipe sizes, it is likely that historic velocity limits (such as CIBSE Guide G 
of 1.5 m/s for plastic pipework) will need to be exceeded so that appropriately low pipe 
sizes can be selected for longer run DHW outlets. During the trial, no noticeable noise 
nuisance was detected for the flow rates and velocities experienced.  
Lastly, as an initial rule of thumb guide for the industry, for flow rates of c.6 l/min or below, it 
is likely that small more pipework of c.12mm OD/8.8mm ID will be required in order to meet 
the CP1 2020 (2) requirements of 45oC in 45 seconds, although this must be assessed on a 
project by project basis.  
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