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For most buildings, there is a performance gap between actual and predicted usage:
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Real buildings are subject to natural variations in weather, occupant behavior, and other factors

Measured data ¢ Predicted input data



Can we employ postccupancy performance modelling to close the performance gap?
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Case Study: One New Change project

This project set out to assess potential benefits of pmstupancy performance modelling. This strategic
activity encompasses building energy modelling, imstupancy monitoring, model calibration, energy
conservation measure (ECM) assessment, and a continuous cycle of adjustment and improvement.

EDSL worked alongside industry partners on this project funded by Innovate UK, a govebanieaat
initiative to foster productivity and economic growth through busindss research, development, and
implementation

The project consisted of analysingamibd® S NB G Af k 2FFAOS o6dzAft RAYy 3 f 201!
The team sought to identify opportunities to optimize energy efficiency without sacrificing occupant comfort
or building services.



Tas Building Operatic

Data was collected from the facility while in operation. A weather station
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possible. Utility bills, metering data, O&M data and BMS system data -
provided a complete picture of the overall loads, usage patterns, and L
performance drivers.
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Typical AHU and FCU system diagram
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Billing data vs simulation

Gas and electricity billing information was supplied for the July 20Lfe 2016 time period. There were two billing
Fy2YFtASa Ay (GKS RIFEGIEY b2 3Fra AYF2NXNIFOGAZ2Y F2N Wdzy S=

Including the two anomalies, peak monthly error = 12.2% (Jan 2016), and average annual error = 5.5%

2000

1800 -

Total simulated annual energy cost:

1600 - £1,778,084

1400 -

1200 - A £1,602,217 grid-supplied electricity

1000 A £ 175,866 natural gas

o Total simulated cost is within 2.5% of billed

o0 cost, with the difference being mainly on

400 gas. This cost will be used to calculate

200 savings on energy conservation measures.
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Monthly Energy Consumption (MWh) . actual . Tas simulation
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Detalled Simulated Performance

Whilst the overall simulated performance matches well with the actual performance, good agreement was also found
in the detailed performance of individual components and process.

A few of these will be highlighted:

A Retail condenser loop temperature
A Ground loop temperature

A Office humidity control
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Retail condenser loop temperature®)C

Due to high heat rejection from the retail units in the summer

months the condenser loop temperature reaches a peak ofc44 ,
The simulated peak is ~42 at the same time of year. T
20
The shape of the variation in condenser loop temperature is $ Monitored Data
identical for monitored and simulated data. This is because the 04 . . . . .
. . . . 0 500 1000 1500 2000 2500
observed weather data is being recorded-m@emises and is used
within the Tasmodel. ®
Heat is extracted from the condenser loop by the dry air cooler
(DAC).
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Ground loop temperature Spikes and droputs
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heat pumps (GSHPSs) to supply heating and cooling to
the retail and office systems.

may be ignored

These graphs show monitored flow temperature from | yonitored Flow Temp

the ground loop to the
GSHPs from mid
August to the end of
2015.

The simulated
temperature is shown
for the last 6 months
of 2015.
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Office humidity control

The ascommissioned office humidity control was based
on supply air absolute humidity being maintained within
a range of 5.3g/kg and 6.3g/kg. It resulted in office 20
humidity being below 40% for long periods through the
year and even below 30% for a significant time.

Office humidity during occupied hours - supply air control
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Simulations suggested that control of return air absolute ~ ° 0% 200 3000400 2000 6000 7000 8000
humidity between 7.3g/kg and 8.9g/kg would make a
significant improvement in office humidity levels.

This strategy has been implemented and office space
conditions have improved as predicted.

Besides the improvement in occupant well being, the
change in control strategy is predicted to save £61,550
per year. Office humidity during occupied hours - return air control
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Further Office Comfort Improvement and Energy Savings

There are two main issues with the office fan coil unit (FCU) operation affecting comfort and energy consumption:

1

Heating Output Power
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A local difference in thermostat control settings (as set by .-

occupants). - /%
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These issues are modelled by by setting an overlapping tpr Ccal behaviort i ngs
control band on heating and cooling for the FCU. The
RSaA3Iy Sy 3IAyS Skt tharindstat Seftiligéandingreage2teatBandoy 0.5C to FC.

After being implemented in th&asmodel, the results showed an energy saving of £150,000 and a significant
improvement in occupant comfort.

This aspect of the project has been important in prompting the development of more advanced FCU modelling to
account for the effects of poateadbandcontrol and setpoint variations.
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Ground loop optimization

Selecting an optimum control strategy for controlling ground loop
temperature is norrivial, due primarily to the variation in heat pump
performance.

TasGenOptcan be used to perform a parametric study optimizing

setpoint and size of control band. The table below gives an indication o

the best approach.

Starting with a base case ofIEsetpoint and a band of A2, the
following table shows the percentage energy reduction (or increase) for
each alternative.

Setpoint {C)
10 13 16 19 22
%) 27 0.00¥%
CEU 10 3.14% -0.85% 0.87%
“ 0| 41559 49.82y 47.10% 42.82% 45.63Y

NKW130 Heating Capacity Data (fFull Load)

Load Flow Source 6.8 Lis Source 8.5 Us
Eog’ EFCT Flow| PD Heating PD Heating PD
L/s | kPa | LLT | HC | kW | HE |COP| LST | kPa | LLT | HC | kW | HE | COP| LST | kPa
44| 68| 214|208 |144.6) 23.7|120.9| 6.1 | 0.1 | 228 20.8 |145.7| 23.2 [1225| 6.3 | 0.9 | 335
85 |318) 198 |148.2] 23.8|124.3] 62 | -01 | 228 19.9]149.5]| 23.3 [126.2| 64 | 0.8 | 335
100] 68 | 214|214 |160.3] 24.7 |135.6] 6.5 | 5.1 | 22.1| 21.4 |161.5| 24.1 [137.4] 6.7 | 6.0 | 328
15.6 85 | 31.8] 203 |164.2] 248]139.4] 66 | 50 | 22.1] 20.4]165.7| 24.3 |1415] 68 | 59 | 328
156 68 | 214219 |174.7] 25.7|149.0] 68 | 102 | 21.4] 21.9|176.0| 25.0 |1509] 7.0 | 11.2| 318
8.5 | 31.8] 20.7 |178.9] 25.8|153.1] 6.9 | 10.0) 21.4] 20.8 | 180.6| 25.2 | 155.3 7.2 11.1) 318
211| 68 | 214]223|187.7| 26.6|161.0] 7.0 | 153 | 20.7 | 22.4 | 189.0( 26.0 | 163.1 164 | 308
85 | 31.8] 21.1 |192.2] 26.8|165.5] 7.2 | 15.1 | 20.7 ] 21. 2 1940 26. 2 167.8| 16.3 | 30.8
Codling Setpoint Heating Efficiency  Cooling Efficiency  Heating Duty  Cooling | * | *

Walue

1.0

Fartload modifier

4.4

10.0 6.8

15.1 7.2

211 7.4
[ Extrapolate

-: w | WTemp x WTemp2 -.EE. Remove
Add Modifier...
Table X
| Partload modifier |
Water Temp (°C) | 5e 15.5 6.7 |3?.8 43.9

4.6
51
5.5
5.8

4.0
4.3
4.6
4.9

3.0
3.3
3.6
3.8
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Case Study: One New Change project

This project demonstrated the benefit of pestcupancy performance modelling. The One New Change
project was able to improve system performance and occupant comfort, leading to significant operational cost
savings and potential gains in occupant productivity and well being.

Additional use cases for similar studies include proforma analyses for potential projects, in order to calculate
projected rates of return on improvements or new construction projects. One New Change, for example,
would have yielded a 20% ROI solely from existing systems optimization.

As demonstrated¢ | dydamic simulation engine is well suited for performing such studies due to its
innovative capabilities in creating unique plant room and airside systems and the accuracy of its simulations.
Tasoffers integrated data and systems inspection, quick, ¢asyse data visualization tools, and transparent,
easy access to data for use in other applications.



