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NiteCool Workbook 

- virtual case study modelling low energy ventilation office refurbishment scenarios

Refurbishment options for a  standard air conditioned office (BRECSU type 3) are investigated using the BRE sketch design tool NiteCool
. Scenarios are constructed to demonstrate:

(i) the viability of low energy ventilation approaches for offices undergoing refurbishment, and 

(ii) the facilities within the software. 

Various options are modelled and performance predicted. 

Sufficient information has been given to allow this study to act as worked examples for someone wanting to use Nitecool (in conjunction with the context sensitive help pages – accessed via the F1 key or by selecting “help” from the top menu - within the software). 

1. NiteCool software

1.1 Background

NiteCool
 was developed as part of the DoE EnREI research programme focusing on simplified calculation methods for assessing low energy cooling strategies for office-type buildings.  The program can be used to show the effects of variations in building design on summer cooling and ventilation energy use and office temperatures.  It is intended to be used at the very early – but crucial - stages in the design process, to help the designer of the building to make informed decisions on the construction, configuration and operation of the building.

The calculations are based on BRE’s high-speed thermal simulation method, 3TC
, so named because each room is represented by three time constants. NiteCool reads in parameter files for each building construction and analysis is restricted to a single office space, measuring 10m length by 6m depth by 3m height.

The construction weight with respect to thermal mass of the cell can be varied (light, medium or heavy) as can the proportion of the façade which is glazed.

The simulation method treats convective and radiant heat transfer separately and this allows the air and radiant temperatures to be calculated. The comfort temperature is a user-defined combination of the two. By default, the comfort temperature is the dry-resultant temperature, i.e. the mean of air and radiant temperatures.

NiteCool calculations are carried out either over a single cooling month or over the entire cooling season (assumed to be May to September).  Each month is assessed by simulating the building for 7 days and monthly energy consumption data is derived using appropriate factors. 

1.2 Weather data

Meteorological data for each day of the week can be set separately in terms of the risk that a certain weather combination will be exceeded. By defining a risk of (say) 5%, the weather data is selected such that the weather will only be hotter than the calculated weather data for 5% of the days in the particular month.  This establishes maximum and minimum daily temperatures.  Hourly data is generated from this by assuming a daily sinusoidal temperature series.  Each month has a different fixed temperature lag from noon.

A different risk factor can be set for each day in the week, to enable the sequence of weather to which the building is subjected to be varied.  This could be a sustained period of very hot weather (e.g. choosing a risk factor less than 5% for each day in the week), or a cooler period followed by a short very hot spell (e.g. choosing a risk factor of 20% for Saturday to Wednesday, with a risk factor of 2.5% for Thursday and Friday).

The weather data is calculated using the banded weather data in Volume A2 of the CIBSE Guide Weather & Solar Data 1982. This has been used because it provides coincident data for external dry bulb temperature, solar radiation data and mean daily wind speed, all of which are important in assessing room heat gain and ventilation cooling potential.  More specifically, weather data banded on temperature (CIBSE Guide Table A2.8) rather than that banded on solar radiation has been used.  This is because periods of high temperature rather than high radiation are likely to present a greater design risk in buildings which are using ventilation cooling, since by their nature, they are likely to feature good solar control by design.

1.3 Full and demonstration versions of NiteCool

There are two versions of Nitecool: the full version described above and a cut down demonstration version, without the facility to change the meteorological data. Both freely available from the BRE web site (??????address….) however the full version is time limited to 24 hours. The full version – without time limit -  is available when attending the occasional BRE Nitecool seminars (arranged to meet demand), and without charge, from the Design Advice Service web site (address ????) for registered Design Advice consultants.

Users of the full version will be able to work through the exercises below to assess both peak summer temperatures and saved cooling system energy due to the use of low energy ventilation strategies.  Users of the demo version will only be able to work through the exercises which assess peak summer temperatures.

2. The office building

This virtual case study centres on a smallish 1970s standard air conditioned office (BRECSU Type 3) which is in need of refurbishment. It is a 3 storey office building, 2:1 length to width ratio (15m x 30m floor plan) and is shown schematically below.
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The key features of the office are:

· located on the outskirts of London, in urban surroundings

· currently air conditioned, but due for refurbishment of building services, 

· medium weight framed structure (but light weight in terms of accessible thermal mass)

(by definition within Nitecool lightweight equates to the following types of construction:

- external walls:

clad, 10mm plaster on inside

- partition walls:

plaster, plasterboard

- floor/ceiling: 
carpet, plywood, air gap, heavy cast concrete, air gap, suspended ceiling

· NSEW facing facades, 80% façade glazing ratio with single glazing (total solar transmission of 83% -from Pilkington trade literature), 10% frame area, solar protection from internal blinds giving a shading coefficient of 70%.

· office cell size: 10m wide by 6m deep by 3m floor to ceiling (this parameter is fixed in Nitecool)

· background infiltration rate = 0.5 ac/h 

· internal gains from people, equipment, lights of 45W/m2:

( based on:
5 people @90W in 60m2 office


=> 7.5W/m2

5 PCs, 1 fax, 1 photocopier, 1 laser printer 
=> 17.5W/m2 



Lighting, no controls, always on


=> 20W/m2 )

· Occupied from 07:30 – 18:30, 11 hrs a day, Mon-Fri

The full range of inputs to define our example building are shown in Table 1, together their location within the software.  The description of the building under consideration is represented by default values within NiteCool.

Exercise:

It would be a useful exercise for new users to visit each location within the software to ensure the input parameters are set as required for this example building. If they are not, then values should be set as in Table 1.

Table1 NiteCool inputs for case study building

Input Parameters
Values
Location within software

Internal gains
45W/m2
“Building” tab

Infiltration
0.5ach
“Building” tab

Building orientation
180°
“Building” tab

Building weight
Light
“Building” tab

Glazing ratio
0.8
“Building” tab

Location
London
“Building” tab

Occupied hours
07:30-18:30
“Building” tab

Solar protection
0.7
“Building” tab

Weather data (M-F), % risk
20,20,20,20,20,3.4,3.4%
“Weather” tab

Terrain
Urban
“Weather” tab, “Wind Cps” button

Building height
12m
“Weather” tab, “Wind Cps” button

Wind direction (E of N)
225°
“Weather” tab, “Wind Cps” button

Wind speed
2.9m/s at the site
“Day Cooling” tab, “Cross ventilation” from drop down menu, “Design” button

Cps, faces of building*
Inlet: 1, outlet: 2
“Weather” tab, “Wind Cps” button

Roof pitch
<11 dig
“Weather” tab, “Wind Cps” button

Night cooling
None
“Night Cooling” tab

Day cooling
Fan coil air conditioning 
“Day Cooling” tab

     Set point
22°C
“Day Cooling” tab

     Fresh air delivered
5ach
“Day Cooling” tab

     COP
3
“Day Cooling” tab

     Supply fan power
1.5 W/l/s –typical low velocity
“Day Cooling” tab

     Extract fan power
1.0 W/l/s –typical low velocity
“Day Cooling” tab

Reference HVAC

“Options” from menu, “Reference HVAC”

Compare design & reference system
check
“Options” from menu, “Reference HVAC”

System type
Fan coil, 100% fresh air 
“Options” from menu, “Reference HVAC”

     COP
3
“Options” from menu, “Reference HVAC”

     Air delivery rate
5ach
“Options” from menu, “Reference HVAC”

     Set point temperature
Constant value, 21degC
“Options” from menu, “Reference HVAC”

     Supply fan power
1.5 W/l/s –typical low velocity
“Options” from menu, “Reference HVAC”

     Extract fan power
1.0 W/l/s –typical low velocity
“Options” from menu, “Reference HVAC”

Glazing frame area*
10%
“Options” from menu, “Solar” tab

Glazing transmission*
83%
“Options” from menu, “Solar” tab

Working week*
Mon-Fri
“Options” from menu, “Working Week” tab

Key:

* with these parameters the user has to remember to re-set them when starting work on a file again –they are not saved with the building description file.

· Green highlight represents a top menu selection, 

· Pink highlight represents a selection from a drop down menu, 

· Yellow highlight represents a tab selection, 

· Blue highlight represents a button selection
Tip: 

Building description files can be saved for working with or editing later by: “File” from menu, “Save as..”, “filename.brd”.

Exercise:

Input values can be altered and the sensitivity of the “Energy Savings” relative to the reference HVAC system can be investigated.

For example, Energy Savings should be 4.9% without any change to any input value from those in Table 1 – this is due to the different cooling set points for the Reference HVAC system (21°C) and same system specified in Day Cooling System HVAC (22°C).

If very energy efficient, advanced design fans were specified for the Day Cooling System HVAC, then the savings go up to 23.9%. Try it.

If Day Cooling System is changed from Fan Coil to cross ventilation (using the default window areas) the saving is 100% (as would be expected as the mechanical services have been replaced by a natural ventilation alternative). However the Peak Internal Temperature has shot up from the Fan coil set point (22°C) to over 30°C, making the office space unusable. Try it.

From here experiment with changes to solar shading, building weight, glazing ratio, window area, internal gains, orientation, glazing solar transmission, etc. to see what impact they have on Peak internal Temperature.

Tip:

To stop the software re-calculating after every change in input parameter, and instead only re-calculate when the “Update” button is pressed, go to “Options” from menu, “General” from drop down menu, and un-check “Automatically Update Results”

3. Achievable natural ventilation air change rates 

Before modelling the performance of the office space we have defined in Table 1. for this virtual case study with NiteCool, the programme can be used to estimate achievable air change rates for natural ventilation options.

NiteCool allows an assessment of the likely natural ventilation rates. It has the capacity to calculate design air change rates for different natural ventilation options:

· single sided, single opening

· single sided, double opening

· cross ventilation

· passive stack

Parameters affecting the driving forces for natural ventilation are:

· wind speed and direction

· temperature difference inside and outside

· window/vent opening areas

· difference in height between openings/vents, or opening height for single openings

In these design simulations it is assumed that:

· the wind speed at the site was 3m/s

· the inside-outside temperature difference was 2°C in the day and 5°C at night (night-time internal temperature of: 21°C, outside temperature of: 16°C, daytime internal temperature of: 25°C, outside temperature of: 27°C)

· floor to ceiling height, h, is 3m (fixed within NiteCool)

· resistance to air flow does not increase as the office depth increases (This is relevant when extrapolations are made from the Nitecool analysis results – based on an office depth of 6m -  to deeper office spaces. See Note below.) 

· the office simulated is in the middle of a 3 storey block, of height 12m, a length to width ration of 2:1, and roof pitch of less than 11° (all factors affecting the wind pressure coefficients which NiteCool uses)

· the office was facing south and the wind direction was from 195° East of North (almost perpendicular to the plane of the opening – the near best case for natural ventilation), 225° or 255° East of North (almost parallel to the plane of the opening – the near worst case for natural ventilation) E of N.

Because in reality the wind direction is never constant, Nitecool assumes that for a given wind direction the wind spends equal amounts of time coming from all angles in a band 45° each side of the specified wind direction.

Exercise: 

Use Nitecool to repeat the air change rate assessments for the different natural ventilation configurations, using the inputs in Tables 2 to 5 below.  Assume the internal and external temperatures, and the wind speed and direction are as detailed above.

3.1 Single sided, single opening 

According to CIBSE AM10
, this approach can adequately ventilate office depths up to 2 times the floor to ceiling height (h), i.e. 6m here. (The Nitecool analysis is not sensitive to wind direction in this case.)

Tip:

Access the relevant part of NiteCool by selecting the “Day cooling” tab, “Single sided single opening” from the drop down menu, and “Design” button

Table 2

Office depth
Period
Effective opening area/height
% of facade which is opening
Ac/h 

· 6m
Day
3.2m2/1.5m
10.3%
10.6ach


Night
3.2m2/1.5m
10.3%
11.9ach

The percentage of the façade which is required for openings to ensure adequate ventilation is calculated by dividing the effective opening area by the façade are of the office. Here the office is 10m wide and 3m high, giving a façade area of 30m2 (as it is single sided ventilation – if it were cross ventilation then the façade area would be twice this, 60m2). It is useful to calculate this parameter as it gives an indication whether the opening area required can be physically accommodated by the façade area.

3.2 Single sided, double opening – NB all nos here will change due to PDR/AT correction to algorithm

According to CIBSE AM10, this approach can adequately ventilate office depths up to 2.5h, i.e. 7.5m here. (The Nitecool analysis is not sensitive to wind direction in this case)

Tip:

Access the relevant part of NiteCool by selecting the “Day cooling” tab, “Single sided double opening” from the drop down menu, and “Design” button

Table 3

Office depth
Period
Effective opening area 

/vertical distance between openings
% of facade which is opening
Ac/h 

· 6m
Day
2x1.6m2/1.5m
10.3%
10.7


Night
2x1.6m2/1.5m
10.3%
13.3

· 7.5m
Day
2x2.3m2/1.5m
15%
13.4


Night
2x2.3m2/1.5m
15%
23.9

Note:  NiteCool does not explicitly estimate the air change rate for offices deeper than 6m, however we can extrapolate from the 6m calculation to deeper spaces if it is assumed that there is no significant resistance to air flow in the space. For example a 7.5m deep office has 1.25 (7.5m/6m) times the volume of a 6m deep office and so air change rate predicted for a 6m deep office – for a particular arrangement of air inlets and outlets - has to be divided by 1.25. This procedure has also been used in the subsequent estimates for office depths up to the maximum for which the type of ventilation is effective, according to CIBSE Applications Manual AM10. 

3.3 Cross ventilation  

According to CIBSE AM10, this approach can adequately ventilate office depths up to 5h, i.e. 15m here. The Nitecool analysis is sensitive to wind direction in this case. Day and night cases give the same result as the driving force for cross ventilation is predominantly wind pressure not temperature difference.

Tip:

Access the relevant part of NiteCool by selecting the “Day cooling” tab, “Cross ventilation”  from the drop down menu, and “Design” button

Table 4

Office depth
Effective opening area
% of facade which is opening
ACH

wind direction, dig E of N

195deg               225deg             255deg

· 6m
2x1.0m2
3%
21.8ach
20.8ach
12ach


2x1.5m2
5%
32.2ach
30.8ach
17.8ach

· 15m
2x1.5m2
5%
12.8
8.3
4.8


2x2.5m2
8.3%
20.8
16.2
11.4


2x3m2
10%
24.2
23.3
13.4

The same comments apply to 15m office depth calculations as in the Note above, in 3.2.

3.4 Stack ventilation 

This approach is essentially cross ventilation as far as the occupied zone is concerned, with air entering from one side of the office and leaving the other. Air could be drawn the width of the building to a ventilation chimney, or from the edges of the building to a central atrium or stair well. According to CIBSE AM10, this approach can adequately ventilate office depths up to 5h, i.e. 15m here, the full width of the building. 

A pessimistic case has been modelled, equivalent to an office on the top floor with the outlet of the stack just 1.5m above the air inlet height.

Tip:

Access the relevant part of NiteCool by selecting the “Day cooling” tab, “Stack ventilation” from the drop down menu, and “Design” button

Table 5

Office depth
Period
Opening area

/height of outlet above opening
% of facade which is opening
ACH

wind direction, dig E of N

195deg    225deg    255deg

· 6m
Day
2x1.0m2/1.5m
3%
21.3
20.4
15.4


Night
2x1.0m2/1.5m
3%
21.8
20.9
16.1

· 15m
Day
2x1.7m2/1.5m
5.7%
14.3
13.6
10.3


Night
2x1.7m2/1.5m
5.7%
14.6
13.6
10.7

It should be noted that this assessment assumes the stack is for the ventilation of an isolated room of the building only. In reality this is rarely the case - for example in an atrium design, the flow from each floor enters the atrium and exhausts through vents in the roof. Multiple rooms on the same floor, ventilated through a stack, will require the stack to have an outlet area equal to the sum of those outlet areas required by the individual rooms.

The same comments apply to 15m office depth calculations as in the Note above in 3.2.

3.5 Summary

It can be seen that an air change rate of 10ach or more can be achieved for all natural ventilation configurations described, using reasonable opening areas. 10ach has been used in the following NiteCool investigation into the possibilities for our office case study building.

4. Weather data for simulation

The case study described here uses Kew meteorological data (the default data in the software) with differing risk profiles for:

(i) peak temperature assessment, and 

(ii) summer energy use for cooling and mechanical ventilation.

The Kew data within NITECOOL can be adapted for other UK locations using a technique described in the CIBSE Applications Manual (AM10:1997) Natural Ventilation in Non-domestic Buildings.

4.1 Weather data for internal peak temperature assessment:

Hot design period data: - a warm five days followed by two very hot days (max 27(C) in July

A July risk profile of 20% for Sat-Wed (representing a maximum temperature of 23.3( and minimum of 15C(), and 3.4% for Thurs and Fri (representing a maximum temperature of 27( and minimum of 16(C) is used. 

4.2 Weather data for estimating summer cooling system energy use

Average weather data for May-Sept. has been used to assess the cooling energy required. 

Average daily outside maximum and minimum air temperatures are given for Kew (and other areas of the UK) from 1941 to 1970 in Page and Lebens
. The method used here to find the most appropriate risk factor to reflect average temperature conditions was to match the July maximum air temperatures for different risk factors with the average daily maximum values from Page and Lebens. It was found that a 33% risk factor gave the same average maximum in July for Kew. (Nitecool requires the risk factors to be constant for different months of the cooling season within the same simulation, so an exact match of average daily maximums with the 33% value  was not achieved for the other months of the cooling season, however agreement was close, within 0.7(C.)

Tip: 

To edit meteorological data for summer cooling system energy use assessment, go to “Weather” tab, edit % risk values and check ”cooling season”.

The facility to edit weather data is only provided in the full version of the programme, not the demo. If using the demo version you wont be able to assess summer cooling energy savings in the exercises section 5. 

4.3. Overheating criteria: hot period internal maximum dry resultant temperature 

The internal temperatures predicted by Nitecool are dry resultant temperatures (based on a weighting of 50% air temperature and 50% radiant temperature) and so are the most closely linked to a human thermal comfort (no allowance is made for air movement). The maximum internal dry resultant temperature during the occupied hours of the hot period is used to assess the overheating risk and/or success of the natural ventilation strategies.

Criteria used to assess the success of the low energy ventilation refurbishment strategies in this study are:

· an internal maximum DRT for the July hot week  of 28(C (this is 1(C above the maximum outside air temperature used in the simulation). This data is read from the “Results” box section of the software in the lower half of the window.

· a maximum of 15% of occupied hours over 27(C in the July hot week (within an annual limit of no more than 2% of occupied hours above 27(C). This data is obtained from the software by selecting “Analysis” from the top menu, and “Temperature distribution” from the drop down menu. It is easier to read off the number of occupied hours over 27°C from the x-axis if the graph is converted from area (the default) by checking the “Bar” option under graph type.

5. Refurbishment of case study building

Possibilities exist for introducing natural and low energy ventilation to the offices, either in the day in place of air conditioning, and /or during the night to build up a store of coolth in the thermal mass of the building to ameliorate daytime peak temperatures or peak cooling loads. This section investigates those possibilities using NiteCool.

5.1 Levels of office refurbishment

BSRIA, in their recent report, Refurbishment of air conditioned buildings for Natural Ventilation
 have put forward four levels of refurbishment. These are described below, in Table 6, together with an additional refurbishment option for comparison - that of solely installing a new or replacement air conditioning system – a level 0 refurbishment.

Table 6. Levels of office refurbishment

Level 0: new or replacement AC  a fan coil system with 100% fresh air, typical low velocity specific fan powers of 1.5 W/ls-1 (supply) and 1.0 W/ls-1 (extract), COP of 3, air change rate of 5ac/h, a set point of 22(C and an operation period the same as the occupied hours.

Level 1: Minor refurbishment - opening windows, reduced window area, install modern blinds, repaint interior, redesign layout

Level 2: Intermediate refurbishment - as level 1 +  renew lighting with more energy efficient system, remove false ceiling to expose thermal mass and raise ceiling height, improved solar control

Level 3: Major refurbishment - as level 2 + possible use of stair cores as stacks, BMS controlled night cooling with motorised  window/vent opening, improved solar control

Level 4: Complete refurbishment - as level 3 + Radical changes to air flow paths, for example by addition of a central atrium, or use of a double facade to drive stack ventilation, improved solar control

5.2 Refurbishment level 0: replacement of old AC system

If the old ac system was replaced with a typical current fan coil system (100% fresh air, 5ac/h, set point of 22oC, COP=3, typical specific fan power of 1.5W/ls-1 supply and 1.0 W/ls-1 extract) then it is estimated that the system would use 58kWh/m2 over the cooling season (May-September and averaged for N, S, E, W orientations) - this is in line with the BRECSU type 3, non-prestigious AC office energy consumption of 52kWh/m2 for current good practice offices as quoted in ECON 19
. The peak cooling capacity requirement is 210 W/m2 for a south facing office.

The results of the simulation for N, S, E, W facing offices are shown below. The cooling season air conditioning energy use is presented, together with peak cooling load in the July hot design week. For comparison, the peak temps without air conditioning are shown.

Table 7

Level 0; replacement ac
W
S
E
N

Cooling season air conditioning energy use
60 kWh/m2
63 kWh/m2
60 kWh/m2
50 kWh/m2

Peak cooling load in July hot week
220 W/m2
210 W/m2
195 W/m2
125 W/m2

Peak temps in July, no ac, 10ach natural ventilation 
41 oC
40 oC
37 oC
33 oC

It can be seen that it is not an option to do without air conditioning in the offices as they are at the moment. This study will investigate what needs to be done to the building to achieve this.

Exercise:

Carry out the simulations required to reproduce the results in Table 7. [Hint: To arrive at cooling season air conditioning energy use you will need to use the average, cooling season weather data, and for the other two parameters you will need to use the July hot week data.] The data in Table 7 is not directly presented in the results screen of NiteCool. It can be obtained from the graphical output of NiteCool.]

Tip:

Graphs can be viewed and printed which supplement the numerical output. Information was read from these graphs for input to Table 7. You need to first decide on which parameter – Cooling Energy, Peak Cooling Load, or Internal Temperature you wish to be represented on the y-axis of the graphs. Set this by selecting “Options” from the top menu and “Parametric y-axis” from the drop down menu.

Exercise (continued):

View graphs of hourly internal and external temperatures, infiltration and ventilation, cooling power and fuel use, and solar gains for a July design week, getting progressively hotter. [Hint: make sure only the “Single month” and July are checked on the “Weather” tab – if “Cooling season (May to September)” is checked then the graphs will show data from the last month of the cooling season.] 

Make sure you can get the same answers as in Table 7. [Hint: the best and quickest graph from which to read off the heating season energy use is brought to the screen by selecting “Analysis” from the top menu, and “Parametric”, “Building”, and “Building weight” from the subsequent drop down menus. Moving the cursor gives the energy use for a particular weight of building. 

Experiment with the other graphical output options.

Tip:

Data can also be exported for further user analysis and graphing in a spreadsheet package. This is done by: selecting ”File” from the top menu, “Export results” from the drop down menu. The opportunity is then given to name the  .prn output file for import to a spreadsheet.

5.3 Level 1: minor refurbishment

This would involve:

a) the installation of new opening windows with double low-e glazing (solar transmission=0.73, 10% frame area), solar protection by internal blinds still (shading coefficient =0.7), 

b) the reduction of the glazed area to 40% from 80% (this will still allow good daylighting of the office) 

c) reduction of internal gains by zoning of the space: the photocopier and laser printer can be moved to an adjacent space which is vented, bringing the internal gains in the office down to 40W/m2.

Results of the Nitecool simulation are shown in the table below. It can be seen that the changes are not sufficient to eliminate the need for air conditioning but do reduce the ac energy use by more than 20% and the peak capacity by around 40%, meaning less plant has to be installed. A saving in capital and running costs results.

Table 8

Level 1 refurbishment
W
S
E
N

Cooling season air conditioning energy use

/ saving on level 0, %
45 kWh/m2
/25%
47 kWh/m2

/25%
46 kWh/m2
/23%
40 kWh/m2
/20% 

Peak cooling load in July hot week 

/ saving on level 0, %
138 W/m2
/37%
133 W/m2
/ 37%
113 W/m2
 / 42%
98 W/m2
/ 22%

Peak temps in July, no ac, 10ach natural ventilation / reduction on level 0
34.7 oC

/6 oC
34.2 oC

/6 oC
31.9 oC

/5 oC
31.3 oC

/2 oC

Exercise: 

Carry out the NiteCool analysis required to reproduce the results in Table 8.

5.4 Level 2: intermediate refurbishment

This next level of refurbishment includes the measures for level 1 but allows for improved solar control, for example by installing mid-pane blinds (shading coefficient of 40%). 

The lighting system - which in the existing building was with inefficient lamps and no control - can be replaced with a modern system which responds to daylight levels and has timed off sweeps; this would reduce the heat gains from lights by 10W/m2. Internal gains would then total 30W/m2. 

The suspended ceiling could be removed in this level of refurbishment to allow the thermal mass of the concrete floor slab to be accessible to the office space – this has the effect of reducing peak day time temperatures as heat is absorbed by the slab, allows night cooling of the slab by natural ventilation through opening windows, building up a store of coolth to further reduce peak temps during the next day. The higher ceiling height that results also provides a greater air flow cross sectional area from one side of the building to the next, and a larger reservoir of fresh air in the office space, adding to daytime comfort. Removing the suspended ceiling has the effect of putting the office into the “heavy” category with respect to thermal mass.

The effect of level 2 measures is shown in the table below. It can be seen that with night cooling (manually controlled by occupants or security staff from 20:00 to 07:00), daytime temperatures are within the comfort criteria of below 28oC and less than 15% of July hot design week hours over 27oC.

Table 9

Level 2 intermediate refurbishment
W
S
E
N

Peak temps in July, 10ach natural ventilation 
29.3 oC


29.2oC


28.5 oC


28.0 oC



Peak temps in July, 10ach natural ventilation with 10ach night cooling (% hours above 27oC)
28.0 oC

(14%)
27.7 oC

(12%)
27.1 oC

(4%)
26.7 oC

(0%)

Exercise: 

Carry out the NiteCool analysis required to reproduce the results in Table 9. 

[Hint:It has already been shown in section 2 that 10ac/h is a reasonable natural ventilation rate to expect for our office with a variety of opening configurations. It is more convenient to set this natural ventilation rate as a mechanical fixed rate of 10ac/h at the “Day cooling” and “Night Cooling” tabs, and selecting for both, “Mechanical extract” and “Advanced fan design”.

5.5 Noisy, polluted location

What if the office building has the south facade which is polluted and noisy – as it would be if it faced onto a main road – prohibiting the use of opening windows on this façade?

5.5.1 Option: air conditioning solution combined with level 2 refurbishment measures and night cooling

Night cooling air can be taken from the road side façade as air quality and noise will have improved as traffic reduces, and anyway the office will not be occupied at night.

Results are shown in Table 10. It can be seen that the reduced internal gain and low energy ventilation strategies introduced in a level 2 (intermediate) refurbishment have the effect of reducing the energy needed to maintain comfortable conditions with air conditioning to about a third of that required for the straight replacement of air conditioning (level 0).

Table 10

Level 2 intermediate refurbishment, with air conditioning and night cooling
W
S
E
N

Cooling season air conditioning energy use 

/ saving on level 0 ac, %
21.6kWh/m2
/64%
22.5kWh/m2

/64%
21.6kWh/m2
/64%
19.8kWh/m2
/60% 

Peak cooling load in July hot week / saving on level 0 air conditioning, %
88W/m2
/56%
84W/m2
/60%
69W/m2
/ 65%
67W/m2
/ 46%

It should be noted that only the southerly part of the office building would require air conditioning (unless the office is open plan) but data for all aspects has been presented for comparison. The office building with part of the floor space being air conditioned would be termed a spatial mixed mode building. (Mixed mode refers to a mode of building conditioning which combines natural ventilation with mechanical conditioning
.)

Exercise: 

Carry out the NiteCool analysis required to reproduce the results in Table 10. 

[Hint :It has already been shown in section 3 that 10ac/h is a reasonable natural ventilation rate to expect for our office with a variety of opening configurations, day and night. It is more convenient to set this natural ventilation rate as a mechanical fixed rate of 10ac/h at the “Night Cooling” tab, and selecting  “Mechanical extract” and “Advanced fan design”.

To allow for the energy used by the advanced design fans at night (really the driving force is natural not mechanical – but as discussed above, it is a modelling convenience to specify it this way) a simulation run must be carried out without air conditioning or daytime ventilation, just night-time extract ventilation.. The total energy consumed in this case is that required for the advanced design fans. This energy should taken away from the total energy use for the night cooling + air conditioning  case to get the estimate of the energy used for air conditioning.]

5.5.2 Option: lower energy cooling provision

Instead of full air conditioning, a less tightly controlled method of cooling may be suitable, such as comfort cooling and displacement ventilation. This option was investigated with NITECOOL and the energy consumption and temperatures are shown in table below for the different aspects. The displacement ventilation system delivers 4 ac/h of air at 19oC, with a COP of 3.5 and best practice fans of 1W/l/s for supply and 0.75W/l/s for extract.

As above, only the southerly part of the office building would require air conditioning (unless the office is open plan) but data for all aspects has been presented for comparison.

Table 11

Level 2 intermediate refurbishment, with displacement ventilation and night cooling
W
S
E
N

Cooling season displacement ventilation energy use/ saving on level 0 ac, %
13.7 kWh/m2
/77%
13.7 kWh/m2

/78%
13.7 kWh/m2
/77%
13.7 kWh/m2
/74% 

Peak temps in July
25.8 oC
25.4 oC
24.8oC
24.1 oC

Exercise: 

Carry out the NiteCool analysis required to reproduce the results in Table 11. [Hint: Similar comments apply as for section 5.5.1 concerning the allowance for the way night cooling is specified as being provided by advanced design extract fans, for convenience.]

5.5.3 Option: Simple low energy mechanical ventilation 

South facing offices could take their air supply from the north façade or roof via the central stair wells/circulation area, with best practice extract fans (0.75W/l/s) on the polluted south façade drawing air through the building. Results are shown in table below for the case when extract fans provide 10ach. Peak July temps and fan energy use figures are presented.

Table 12

Level 2 intermediate refurbishment, with daytime extract fans (10ach) and night cooling
W
S
E
N

Cooling season extract fan energy use

/ saving on level 0 ac, %
7.9 kWh/m2
/87%
7.9 kWh/m2

/87%
7.9 kWh/m2
/87%
7.9 kWh/m2
/84% 

Peak temps in July

/% hours over 27oC
28.0 oC

(14%)
27.7 oC

(12%)
27.1 oC

(4%)
26.7 oC

(0%)

Exercise: 

Carry out the NiteCool analysis required to reproduce the results in Table 12. . [Hint: Similar comments apply as for section 5.5.1 concerning the allowance for the way night cooling is specified as being provided by advanced design extract fans, for convenience.]

5.5.4 Option: Natural ventilation with higher level refurbishment: complete - level 4 - refurbishment


This level of refurbishment  allows radical changes to air flow paths, for example by introducing an atrium or a double façade for solar stack driven natural ventilation. It is the latter which would be appropriate for our case study, on the polluted and noisy south façade. This form of façade adjustment, coupled with open plan internal layout of the office, allows ventilation air to be drawn across the occupied space from the quieter, cleaner north façade and expelled at the termination of the stack above the South façade. As shown above, in section 3.4, 10ach should be easily achievable and has been used in this analysis

This level of refurbishment  also includes improved solar control using external shading (a shading coefficient of 0.1) and BMS control of window and vent opening. The BMS can also be used to control night ventilation rates to prevent overcooling of the office space.

The July peak temperatures are shown below. No energy is needed to provide comfortable summer conditions in this refurbishment  – natural ventilation suffices.

Table 13

Level 4: complete refurbishment, with double south façade allowing 10ach solar stack ventilation, with night cooling
W
S
E
N

Peak temps in July
26.5 oC
26.4 oC


26.3 oC


26.2 oC



Exercise: 

Carry out the NiteCool analysis required to reproduce the results in Table 13. 
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