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… 

• TRY (Test Reference Years) [= TMY]
• DSY (Design Summer Years)
• Future projections 

- 2020s, 2050s, 2080s
- low, medium, high emission scenarios
- 10%, 50%, 90%

CLIMATE FILES IN EPW FORMAT



IRRADIANCE
• Global horizontal irradiance [W/m2]
• Direct normal irradiance [W/m2]
• Diffuse horizontal irradiance [W/m2]

ILLUMINANCE
• Global horizontal illuminance [lx]
• Direct normal illuminance [lx]
• Diffuse horizontal illuminance [lx]

CLIMATE FILES IN EPW FORMAT
… 
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Radiation Skartveit-Olseth (RSO) 
1 

GHI from Met Office


2 
Separation model (Skartveit-Olseth)  ->  DNI and DHI


3 
Luminous efficacy model (Perez)  ->  GHE, DNE, DHE



Proposed approach: 
Radiation Skartveit 
Olseth model (RSO)



SEPARATION MODELS
Skartveit model 

(Skartveit and Olseth, 1987)

Proposed approach: 
Radiation Skartveit 
Olseth model (RSO)



Camborne (2016) 
CLOUD COVER: 
Met Office

1 hour


IRRADIATION (GHI, DNI, DHI): 
BSRN

1 minute


IRRADIATION (GHI): 
Met Office

1 hour


ILLUMINATION (GHE): 
Public Health England

5 minutes
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Perez luminous efficacy model

Perez v Public Health England illuminance

rMBE = -2.27%

rMAE = 4.39%



Case Study room L3 
Perez All-Weather sky model 
gendaylit / gendaymtx

Global illumination: 
2-phase method
MF:6

Direct sunlight illumination: 
rtrace -ab 0 







MIT Reference Room 
Perez All-Weather sky model 
gendaylit / gendaymtx

Vertical Illuminance: 
2-phase method
MF:6

Luminance images: 
rtrace -ab 0

evalglare -b 2000

the facade in Figure 2 is 39%. The outer frame and 
mullion width is 0.05m leading to a frame factor of 
16% of the rough opening area of the window. 

Usage Pattern 
The office is occupied daily from 8AM to 6PM with 
daylight savings time lasting from the second Sunday 
in March to the first Sunday in November. This 
admittedly unrealistically high occupancy rate was 
selected to gage the potential impact that various 
energy efficiency measures can have on the space. 
The occupancy schedule is in agreement with the 
IESNA’s new Lighting Measurement IES LM-83-12 
which promotes climate based daylighting metrics 
(IESNA 2012). During hours of occupation it is 
assumed that four out of the six workspaces shown in 
Figure 1 are occupied and that occupants are 
performing regular office work including working on 
a computer. The resulting peak occupant load is 
7.38m2/occupant. The choice of reducing occupancy 
and activity to two thirds of seating capacity is that 
the resulting internal loads are more realistic and 
allow the design of the façade to have a noticeable 
impact. Instead of just modeling four work spaces to 
begin with six workstations were modeled to show 
the impact of allowing occupants to move around the 
space. During hours of occupation heating and 
cooling set points are 20oC and 26oC, respectively. 

Setback temperatures are 15oC and 30oC. The office 
is equipped with an external, manually controlled 
venetian blind system. The target work plane 
illuminance is 300 lux. The electric lighting is 
manually controlled according to the Lightswitch 
model (Reinhart 2004) using a bi-level wall switch 
that independently controls the lighting for occupants 
sitting in the first two rows and separately in the back 
row. The installed lighting power for each row is 
100W corresponding to four TL5 recessed 
downlights per row. The resulting lighting power 
density for the office of 10.1 W/m2. The motivation 
for splitting the office into two lighting zones is to be 
able to show in how far various design interventions 
at the façade level change annual daylight availability 
as well as electric lighting use. If instead the electric 
lighting was wired as a single control zone in a space 
as deep as the reference office, the lighting would be 
mostly switched on during all occupied hours 
independent of the façade design since it is difficult 
to consistently get daylight to the third row. Peak 
plug loads in the office are 8W/m2 corresponding to 
one Energy Star rated LCD monitor and laptop per 
occupant present. 

Building Components and HAVC 
Optical and thermal properties of all building 
components are listed in Table 1. The thermal 

 
Figure 1: Perspective view and floor plan of the reference office 

          
Figure 2: Façade section and view of multiple reference offices stacked together to form a facade 
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• Direct sunlight is always the most difficult component to model
• Using measured data is preferable
• RSO model reduces errors of a third from those found for the CRM
• Accurate simulation engines deserve accurate input data

Conclusions



Thank you!
Any question?
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