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ABSTRACT: In response to Hornsby Shire Council’s desire to promote sustainable building 
technology, CSIRO has developed an innovative combined power, heating and desiccant cooling 
(trigeneration) system which has been installed at the Hornsby Central Library. The system uses 
exhaust from a 60kW micro-turbine to directly regenerate a desiccant wheel, enabling fresh air 
dehumidification and both direct and indirect evaporative cooling. In conjunction with the cogeneration 
system, the building management system (BMS) has been upgraded to allow building temperatures to 
fluctuate in response to seasonal conditions, providing adaptive thermal comfort. This has lead to a 
significant reduction in the electricity consumption of this building and a reduced CO2 footprint. 
 
Having both a conventional and desiccant cooling system installed in this building has provided a 
unique opportunity to compare user comfort under different air-conditioning regimes. For each system, 
library staff and patrons were surveyed to determine perceptions of thermal comfort and air quality. 
Results of the survey show that the cogeneration system has maintained thermal comfort levels for 
staff while library users perceived an improvement. We are able to conclude that the trigeneration 
system has been able to achieve improved thermal comfort while reducing primary energy use.  
 
Conference theme: Building and Energy 
Keywords:  Thermal comfort, energy efficiency, cogeneration 
 
 

INTRODUCTION 
The Hornsby Central Library Cogeneration system was conceived by Hornsby Shire Council (HSC) in conjunction 
with CSIRO Energy Technology (CET) as a major single point initiative to deliver substantial reductions in 
greenhouse gas emissions and to increase public awareness of energy conservation measures. HSC had already 
undertaken a number of energy saving projects (including installing energy and lighting management systems in main 
council buildings, numerous rooftop photovoltaic installations and solar thermal systems), however this system 
provided substantial technical innovation and the potential for major ongoing greenhouse gas savings. 
 
With over 60% of the building energy usage attributable to heating, ventilation and air-conditioning (HVAC) services, 
and with energy efficient lighting already installed, the HVAC system was an obvious target for energy reductions. 
Although simple and cost effective, a gas-engine heat pump could not deliver the desired savings. Thermal modelling 
of the library showed that natural gas-fuelled cogeneration could achieve substantial greenhouse gas reductions, 
provided it was able to deliver the major share of both heating and cooling loads. 
  
Two methods of utilising waste heat to provide cooling were considered; namely a conventional absorption cooling 
system and a dual wheel desiccant cooling process. Despite its value in terms of delivering chilled water to a set of 
air coils in the air supply to the building, an absorption system had several drawbacks for the modest scale of the 
plant required for the library. These include: capital cost; the parasitic energy demand from associated water 
circulation pumps; and the need for a cooling tower. Together these made an absorption cooling system unattractive. 
 
Desiccant-based cooling was considered an attractive alternative to the conventional absorption process. Until 
recently, the use of desiccant dehumidification has been confined largely to industrial and specific commercial 
environments where moisture, condensation, corrosion, mould or high latent heat loads have been of particular 
concern. Over the past few years however, the utility of this technique has begun to receive attention [(Mazei et al. 
2002), (Rizy et al. 2002), (Vineyard et al. 2002), (Nia 2006) &( Daou 2006)]. 
 
The final design for the cogeneration system utilises a 60kW Cummins microturbine to provide electricity to the library 
and waste heat to the cogeneration system. The library is still connected to the electricity network, so any electricity 
generated will offset usage, and at times the building actually exports power to the electricity grid. The power setpoint 
for the turbine is determined based on the requirements of the cogeneration system, so it does not run continually. 
The desiccant cooling system is able to provide most of the heating and cooling demand for the building, with the 
exiting HVAC system able to supplement this as required. Greenhouse gas savings in the first year of operation have 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 58 



been around 90 tonnes CO2 emissions. In addition to the energy and greenhouse gas savings, the cogeneration 
system provides: 

• Increased fresh air (4000 litres/sec up from 1700 litres/sec ) 
• Lower noise levels when running 
• Simple maintenance procedures – other than the generator, air filters are the main service item. 
• Humidity control 
• Temperature control that responds to daily & seasonal ambient temperature fluctuations. 

 
In order to assess how building users have adapted to the cogeneration system, a post occupancy evaluation survey 
has been carried out based on the Works Canada User Satisfaction Survey tool (Dillon & Visher 1987). The focus 
here is on thermal comfort and air quality (since other factors did not change with the installation of the cogeneration 
system). Since both the old and new HVAC systems are still fully operational and share the same air handing units, 
we found ourselves in the unique situation of being able to survey users (blind) on both systems, making it possible to 
provide an unbiased assessment of the cogeneration system. 
 
In the remainder of this paper, we provide some background information on this project, detail both the conventional 
and cogeneration air-conditioning systems and describe the methodology & results of the occupancy survey – which 
allows us to conclude that energy savings were achieved without sacrificing comfort. 
 
1. BACKGROUND 
Hornsby Shire Council, responsible for the second largest local government area within the Sydney metropolitan 
area, prides itself on its proactive approach to ensuring sustainable energy principles are incorporated into both its 
community and corporate programs. Hornsby’s programs and actions targeted towards energy efficiency and 
greenhouse gas reduction are primarily driven by its participation in ICLEI’s Cities for Climate Protection (CCP™) 
program. CCP™ Australia councils commit to reaching milestones to achieve sustainable, long-term reductions in 
their greenhouse gas emissions. 
 
As part of the CCP™ program, HSC pioneered the implementation of energy performance contracts in local 
government. It involved approximately 250 council maintained building and park sites and incorporated a variety of 
energy and water conservation measures including equipment upgrades, energy and lighting management systems 
and photovoltaic and solar thermal installations. This and other programs contribute to HSC’s strategic intent to 
reduce the 1996 baseline greenhouse gas emission levels by 30% for its own activities and 5% due to the local 
community by 2010. As at June 2006, HSC has cut its own greenhouse gas emissions by 24% from 1996 levels. 
 
In 2000, the Australian Greenhouse Office (AGO) offered funding through the Emissions Reduction Incentive 
Program (ERIP). The major aim of ERIP was to assist councils to undertake projects resulting in sustained 
greenhouse gas abatement not expected to occur in the absence of ERIP funding and delivering abatement 
exceeding 250 tonnes of CO2-e per annum. 
 
With objectives of significantly reducing the greenhouse gas emissions due to electricity use in one of its major 
buildings and to increase public awareness of energy conservation measures, HSC was a successful applicant for 
the ERIP program. HSC approached CSIRO Energy Technology to develop an innovative and single operation 
energy and greenhouse gas saving measure to meet the ERIP requirements. 
 
Hornsby Central Library was chosen as an ideal site for such a project as it is located in the Hornsby CBD, it attracts 
approximately 840,000 visitors a year and is one of HSC’s major electrical energy consuming sites. Originally built as 
a supermarket, Hornsby Central Library has a floor area of approximately 3200 m2. It operates 4900 hours/year (4500 
hours open to public) and had an annual energy consumption of approximately 450MWh. Based on the generation of 
this electricity with black coal in NSW and including transmission line losses, the library had a greenhouse gas impact 
of approximately 438 tonnes CO2-e/year. 
 
2. DESCRIPTION OF THE HVAC SYSTEMS 
 
2.1. Conventional DX system 
A HVAC system comprising of two conventional DX package units (APACs) was installed in 1995 when the site was 
converted from a supermarket to become Hornsby Central Library. APAC_1 is used to condition the staff areas on 
the eastern side of the building and the southern wall of the public area. The larger APAC_2 unit conditions the staff 
& public areas on the northern end of the building. Specifications of these units are given in Table 1. 
 

Table 1: Specifications of the existing APAC HVAC units 
 APAC_1 APAC_2 
Model APAC S140 HP/BH APAC S195 HP/BH 
Compressors 4 x 9.7kW 4 x 12.0kW 
Condenser Fans 4 x 0.75kW 4 x 3.0kW 
Evaporator Fan 7.5kW 11.0kW 
Total Electrical Power 49.3kW 71.0kW 
Peak Cooling Power 140kWt 195kWt 
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This is a fixed air volume system where balance between different zones must be achieved by manually adjusting 
airflow at each outlet vent. As a consequence, different ambient conditions and changes in usage patterns mean that 
the air balance is rarely ideal and there are hot/cold spots in different areas through the zones. A general observation 
is that the public areas (whose vents are at the end of the air ducts) tend to be slightly warmer than the staff areas. 
The conventional system delivers around 17000l/s of conditioned air to the library, of which around 10% is fresh.   
 
Early in the project, two studies were undertaken into the performance of the existing system – one developing a 
thermal model of the building based on its usage patterns, size, orientation, building materials and window openings, 
whilst the other involved logging power consumption and thermal performance of the APAC system to allow 
validation of the former. These studies gave a number of insights into the operation of the existing system, including: 

• Of the 4500 hr/year that the library is open, the HVAC system operates in cooling mode for around 
2750 hours and in heating mode for approximately 1200hrs.  

• A typical day consists of the HVAC system operating in heating mode for several hours in the 
morning, before switching to cooling mode for the remainder of the day. As a consequence, part of 
the work the HVAC system is doing in the afternoon is pumping out the heat that it pumped in in the 
morning. The cogeneration system carefully controls the building heating so that less energy is 
wasted in this manner. 

• Each existing APAC system has its own independent control system – since these operate on 
different sensors and are often adjusted to different setpoints, it was fairly common for the existing 
APAC systems to be fighting against the other – with one in heating mode while the other was 
cooling. Note that the library is basically a single large open area so both units condition the same 
air space.  

 
2.2. Novel desiccant based cooling system 
2.2.1. System description 
A schematic showing the key features of the final system design is given in Figure 1. The main system components 
are: 

• Munters desiccant wheel 
• Munters heat exchange wheel 
• Evaporative coolers on both fresh and return air streams 
• Cummins 60kW microturbine (with Copeland scroll compressor to boost gas pressure). 

 

 
Figure 1: Schematic diagram showing main components of the trigeneration system  

and the interconnection to the existing HVAC system 
 
There are three modes in which the system operates – heating, cooling and economy. In all modes, the system 
delivers 4,000 litres/second of fresh, conditioned air to the existing HVAC system, which mixes it with up to 13,000 
litres/second of return air for delivery to the library. The process also consumes 2,000 litres/second of return air, 
which is supplemented with fresh air as necessary to facilitate balanced air volumes through both halves of the 
desiccant and heat exchange wheels. 
 
Cooling Mode: In Figure 1, the stream of incoming fresh air flows from left to right in the top chamber of the 
desiccant cooler. It passes first through the upper half of a large, rotating wheel (the desiccant wheel), which takes up 
water out of the air by means of its honeycomb of air passages coated with silica gel. This drying process also 
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unavoidably heats up the air. After emerging dry (but hot) from the desiccant wheel, the air then encounters a heat 
exchange wheel.  Pre-cooled by the air conditions in the lower chamber, the metal honeycomb of air passages 
forming this rotating wheel cools the dry air before it is supplied to the building’s air handling system. An evaporative 
cooling stage, incorporated as the final element in the supply air system, is provided for humidity control and for 
additional cooling if required. 
 
Return air from the building passes right to left in the lower chamber of Figure 1.  As it enters the desiccant cooler, 
the air passes first through a set of evaporative cooling pads that essentially saturate the air and therefore cool it.  
This wet, but cold, airstream then passes through and cools the heat-exchange wheel (thereby indirectly cooling the 
incoming airstream in the upper chamber). In so doing, the return air is, in effect warmed by the sensible heat 
generated by the water sorption process taking place in the supply airstream in the upper chamber. In order to de-
sorb water from the desiccant wheel (and so regenerate it), it is necessary to heat the air downstream of the heat 
recovery wheel to a temperature of 70 to 95 °C. This is done by thoroughly mixing the microturbine exhaust with the 
return air stream in appropriate proportions. The psychometric chart in Figure 2 is shown overlaid with the main 
processes – labeled A-D on the fresh air stream and 1-3 on the return air stream (labels A-D & 1-3 are as shown in 
Figure 1). 
 

 
Figure 2: Standard ASHRAE Psychrometric chart showing main process points in the 

desiccant cooling system. A-D are representative of the fresh air stream to the library, while  
1-3 indicate the first two stages of the return air system. Labels are as per Figure 1. 

 
Heating Mode: In order to run the desiccant system in heating mode, the heat exchange wheel is turned off and the 
desiccant wheel is run at a much higher speed than for cooling mode. In this configuration, the aluminum honeycomb 
of the desiccant wheel is used to transfer heat to the fresh air stream. Since the heating requirements for the library 
are fairly modest, this method is easily able to supply sufficient heating to the library. 
 
Economy Mode: At times when the library conditions are comfortably within desired conditions and ambient 
conditions are relatively benign, the unit enters an economy mode. In this mode, the turbine is shut down and various 
fans are slowed to minimize power consumption whilst still meeting minimum fresh air requirements for the library. 
Furthermore, when cooling demands are modest, this can be met using both indirect and direct evaporative cooling 
modes without the need to run the turbine (desiccant wheel off and heat exchange wheel on).  
 
3. USER SURVEY METHODOLOGY 
 
3.1. Method 
To compare the difference between the building occupants response to the newer trigeneration system and the old 
HVAC system in mid-winter, the two systems were run on consecutive days. On Tuesday July 18 trigeneration and 
Wednesday July 19 the old HVAC, and a survey of the thermal comfort of patrons and staff using the building was 
carried out twice each day from 11am-12noon and from 3-4pm. The building users were not made aware which 
system was being run each day, or even that the two days were in any way different. Although the user perceptions 
were surveyed only over a two day period, energy performance has been verified with over a year of operational data 
and without any increase in comfort related issues being identified through the normal reporting procedures.   
 
3.2. Survey Instrument 
The survey instrument for the library staff was the Works Canada User Satisfaction Survey tool (Dillon & Visher 1987) 
as modified by Cosby (1996) and Leifer (2003). This allowed comparison of the results with other buildings. The 
survey locates thermal comfort in a context of other comfort issues, however, as the focus of this investigation is 
thermal comfort and energy use and as we relied on the good will of staff to fill out the survey four times, the first 
seven questions, which are related directly to thermal comfort were used and the other questions were summarized 
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as ‘How would you rate your overall satisfaction with your workplace?’ (The questionnaire used is in Appendix A). A 
return of the average difference in satisfaction of 1 is extremely significant, while an average difference of 0.5 is 
significant and differences of less than 0.1 can be considered negligible.  
 
The survey for library patrons was simplified. They were asked to rate the comfort of the temperature in the library 
during their stay on a five point scale similar to the Bedford scale where -2 is ‘too cold’, -1 cool,  1 is warm  and 2 is 
‘too hot’. The library patrons were placed into four age categories (by sight): children, teenagers, adult and retired 
due to likely differences in perception. 
 
The survey of library staff consisted of a (double sided) A4 form with questions (Appendix A) that were answered in 
both the morning (11am) and afternoon (3pm) for the two days of the trial. For a period of an hour starting at each of 
these times, library patrons were surveyed verbally as they left the library – this included patrons who spent 
significantly different amounts of time spent within the library - but this data was not recorded. For full time library 
staff, a 100% survey return rate was achieved, while library patron surveys captured around 80% of the library users 
(with other users unable to speak English or in a rush). Details of staff and patron clothing were assumed to be 
influenced by social norms and not included in this survey, though this will obviously impact upon perceived comfort.  
 
4. USER SURVEY RESULTS 
 
4.1. Measured performance 
The library building management system captures data logs of energy usage and conditions allowing the formation of 
a quantitative view of the system performance for comparison with user perceptions. The most relevant of these 
measurements are plotted in Figure 3 for times between 7am and 5pm. Staff arrive between 8-9am and the library 
opens to the public at 10am.  
 
The top plot shows temperatures measured at 4 locations (two in public areas, two in staff areas) over the survey 
period. The loans area is the coldest location in the library, being located on the south eastern corner of the building, 
shaded by adjacent buildings and heavily effected by air leakage through the main doors of the library (as is evident 
by the temperature drop at 10am when the library opens to the public). Both new and old systems are only able to 
maintain around 20°C in this zone. In other zones, we see that in these winter conditions, the trigeneration system 
allows the temperature to run about 0.5°C lower than the conventional HVAC system. 
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Figure 3: Measured performance of the conventional HVAC (grey) and trigeneration (black) systems  

over the two days of the survey.  Note that for the top plot, there are two sensors in each of the  
staff & public zones. For the duct temperatures, outputs of both APAC1 & APAC2 are shown.  

 
The middle plot of Figure 3 shows both ambient conditions and the conditioned supply air temperatures. We note that 
both days were quite cold, with 18th (trigeneration) averaging around 13°C, while on the 19th the ambient temperature 
averaged around 11°C. The measured supply air (duct) temperatures are the temperatures that someone sitting 
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directly under an air vent would be exposed to. We note that the trigeneration system has significantly less variation 
in duct temperature which should positively impact upon temperature swings experienced by building occupants. 
 
The bottom plot in Figure 3 shows the total building power consumption throughout the each day. Measuring total 
building consumption allows us to capture the effects of portable heaters and some single room air-conditioning units 
which people may use/adjust if dissatisfied with conditions. On the 18th with the trigeneration system running, the 
building used 770kWh whilst on the 19th with the conventional HVAC system 940kWh were consumed. 
 
Additionally we note that the trigeneration system delivers around 4000l/s fresh air to the library compared with 
around 1700l/s for the conventional HVAC system. We expected this improvement in air quality to be perceptible. 
 
4.2. Perceived comfort 
Over the two days survey responses were obtained from 22 library staff. There was a 100% response rate from the 
14 full-time staff present for the whole two day survey period. The incomplete responses of the 8 staff who were only 
present for one of the survey days are excluded from these results presented below as this sample set is too small to 
be statistically significant. 
 

Table 2: Average response of the 14 full time staff. (Note that Q33 is not specific to either HVAC system) 
Q Question New Old  Diff Q  Question New Old  Diff 
1 Temperature Comfort  11am 2.43 1.57 0.86 5 Ventilation Comfort 11am 2.43 2.07 0.36 
                                       3pm 2.36 1.86 0.50                                    3pm 2.43 2.43 0.00 
2 How Hot                      11am 3.64 3.71 -0.07 6 Air Freshness         11am 2.79 2.71 0.07 
                                       3pm 3.54 3.50 0.04                                    3pm 2.71 2.77 -0.05 
3 How Cold                    11am 1.69 1.57 0.12 7 Air Movement         11am 2.57 2.43 0.14 
                                       3pm 2.29 2.07 0.21                                    3pm 2.50 2.50 0.00 
4 Temperature Shifts     11am 2.57 2.29 0.29      
                                       3pm 2.71 2.50 0.21 33 Overall Satisfaction 1.77 

 
 
There was marginally less dissatisfaction on the 18th with the new system rather than the 19th with the old HVAC. 
The most major difference occurred in perceived ‘Temperature Comfort’, with the full-time staff scoring the new 
system nearly a full point higher on average. This score for the new system is still below satisfaction. Rowe’s 
database of Building User Satisfaction in over 40 non-residential buildings shows the average temperature 
satisfaction as around 2.9 (Rowe 2004). The data for the question “how hot” shows satisfaction but this conceals a 
polarization where two responses were “too hot” and a significant vote was for “too cold”.  The full time staff noticed 
more the temperature shifts of the old HVAC rating it slightly lower. In the morning the full-time staff noticed a slight 
improvement in the new system’s ventilation comfort. Again, even with this improvement the system was still below 
average satisfaction (from Rowe’s database average is 2.85). Staff noticed no difference in the ventilation comfort in 
the afternoon, the air freshness or the air movement between the systems.  
 

Table 3: Average of Thermal and Ventilations questions from full-time staff 
  New Old Diff   New Old Diff 

11am 2.59 2.46 0.13 11am 2.25 2.04 0.21 Thermal 
(Q1+Q2+Q3+Q4)/4 3pm 2.73 2.67 0.06 

Thermal 
(Q1+Q2+Q3)/3 3pm 2.49 2.35 0.14 

   Difference  11am-3pm 0.14 0.22     Difference  11am-3pm 0.24 0.31  
11am 2.44 2.37 0.07      Ventilation 

(Q5+Q6+Q7)/3 3pm 2.45 2.64 -0.19      
   Difference  11am-3pm 0.01 0.27       

 
 
Table 3 combines the scores from thermal and ventilation questions. It can be seen the new system is rated 
negligibly better, excepting ventilation in the afternoon which is negligibly worse. Of interest is that the difference in 
satisfaction between the two systems is less than the difference between morning and afternoon.  
 
Over the two days, over 400 library patrons were surveyed. Results are shown below in Figure 4. A higher 
percentage rated the comfort level delivered by the new system used on July 18 as "ok" than the old HVAC 
experienced on July 19. However a slightly greater percentage voted the new system "too hot "or "too cold" than the 
old, especially in the morning. It is possible the external temperature was affecting the vote as it was highest between 
10am and 11am July 18, reaching 15.5°C.  
 
On July 18 only 9% and 6% at 11am and 3pm respectively were voting the temperature “warm” whereas on the 
second day 23% voted the library as “warm”. This may be a function of the different systems or it may be due to the 
external temperatures. Though both days were overcast with rain periods, the day the old HVAC was run the external 
temperature from 10 am to 4pm ranged between 10 and 12°C producing a greater difference between the internal 
temperature and the external than experienced on the previous day with the new system. Two patrons said they 
noticed that it was warmer than usual with the old system on July 19.  
 
Although it was expected that the thermal comfort perceptions of children, teenagers and retired people would be 
different from adults, no significant difference was found (less than 2% variation in Figure 4 with these categories of 
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people removed from the results). Removing children, teenagers and the retired slightly reduced the percentage of 
those voting “warm”, indicating that adults may be slightly less sensitive.  
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Figure 4: Comfort rating by the library patrons over the 4 surveys. The trigeneration system 

was surveyed on 18th and the old HVAC system on 19th July, 2006. 
 
5. DISCUSSION 
 
5.1. The role of Clothing and Activity level in Thermal comfort Perception 
The staff in the library are overwhelmingly female with only 3 of the 22 surveyed being male. Nearly half the staff 
found the temperatures were too cold with either system (New 45%, 30%, Old 44.4%). Parsons (2002) researching 
office conditions found that though there is similarity in responses between females and males to temperatures in the 
range of neutral to slightly warm, however, females were more sensitive to discomfort in temperatures from 20°C to 
18°C and less able to make adjustments in clothing than males.  
 
The majority of patrons, in contrast to the staff, found the temperatures comfortable. It was observed that library 
patrons in general were dressing to external weather conditions, which were below 16°C and not removing layers 
once in the library, either because they thought their stay was to be short or because their perception was that the 
internal conditions were cool. There were 17 comments regarding clothing, including: “It’s ok because I am wearing 
all these clothes” and “it’s really hot in here but I have 4 layers on”.  
 
Three patrons commented on the effect of their activity level, where walking to the building made them feel that it was 
hot inside. Both comments regarding clothing and to activity level would indicate reasons why the Library patrons are 
happy with the low internal temperatures when the staff are dissatisfied. The staff’s expectation is that they may 
remove scarves and bulky coats once inside. They also are much more sedentary than many of the patrons. 
 
There were a few comments that indicated that some may be voting the temperatures “ok” when they feel “warm”, 
especially on Wednesday July 19, 11am-12noon, for example: “It’s nice and warm, it’s good!”. Humphries and Nicol 
(2002) suggest outdoor temperatures affect people’s concept of warmth categories. The colder external 
temperatures, especially on Wednesday July 19, may have affected the response to the internal temperature.  
 
One perceptive patron said “Don’t take what I say. I haven’t been here long enough to feel it. You would have to be 
here for about an hour.” The patrons may make only a short stay in the library, and unlike the staff, they experience 
the internal conditions in juxtaposition with the external conditions.  
 
Libraries have two distinct groups of occupants with very different thermal comfort needs. The findings from this study 
will relate to other buildings such as shops, banks and community service buildings where one group of building 
users are transitory with higher activity levels and another group are sedentary. In winter, transitory people may 
require lower temperatures than the more sedentary staff.    
 
5.2. The role of Aesthetics 
Two patrons comments indicated that the building was not thought highly of: “They should build a better library” and “I 
thought they were knocking this place down”. The patron’s perception of the quality of the building does not seem to 
affect their response to the thermal comfort. The staff response showed dissatisfaction with their workplace and one 
comment was that the air always seemed stale as they had no window. This comment fits with the observation at the 
site visit that illuminance levels and finish quality were lower back of house and that there was poor placement in air 
conditioning outlets. It is possible staff perception that their workplace is of a lower standard than they could desire 
may be affecting their perception of the thermal comfort. 
 
CONCLUSION 
The Hornsby Library trigeneration system has achieved a significant reduction in energy consumption and CO2 
emissions at no cost to comfort. The survey has shown that library patrons have perceived an improvement in 
conditions with the new trigeneration system. Library staff only noticed a very slight improvement in conditions. 
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As the survey was carried out in July, these results reflect winter conditions. Much of the benefit of the trigeneration 
system comes from the greater energy savings in the summer months, so it is intended that the survey will be 
repeated mid summer. We believe the differences will be more evident in summer as anecdotal evidence showed 
high discomfort (numerous complaints) when the old HVAC system was inadvertently run for several days in a 
previous summer. Repeating the survey in mid summer will also allow additional questions to help establish what 
comfort factors other than thermal comfort are influencing the staff satisfaction with their workplace. 
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APPENDIX A – Comfort Survey 
 
Questions 1-7 relate to thermal comfort and air quality and were answered at 11am and 3pm over two consecutive 
days. Question 33 relates to overall satisfaction with the work environment and was only asked once. 
 

1. 
 

Temperature Comfort Bad 1 2 3 4 5 Good 

2. 
 

How hot it gets Too Hot 1 2 3 4 5 Comfortable 

3. 
 

How Cold it gets Too Cold 1 2 3 4 5 Comfortable 

4. 
 

Temperature Shifts Too Frequent 1 2 3 4 5 Constant 

5. 
 

Ventilation Comfort Bad 1 2 3 4 5 Good 

6. 
 

Air Freshness Stale Air 1 2 3 4 5 Fresh Air 

7. 
 

Air Movement Stuffy 1 2 3 4 5 Circulating 

33. 
 

How would you rate your overall 
satisfaction with your workplace? 

Dissatisfied 1 2 3 4 5 Very Satisfied 
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