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Leadership TeamBrowning Rockwell – Executive Director

Over his 36-year career he has spanned a range of disciplines related to 

business development, international business, and project and technical 

management. He has founded and led several not for profit associations 

including the Emirates Solar Industry Association (ESIA), Saudi Arabia 

Solar Industry Associations (SASIA) and Solar GCC Alliance aimed at 

furthering the growth of solar energy in the Middle East

Christopher Klinga P.E. - Technical Director

A 10 year veteran to the solar industry with an extensive background in solar 

installation design and operations as well as architectural solar product 

development. Chris is a licensed professional structural engineer. In addition to 

his efforts with ASA he operates his own solar product development firm SolMotiv 

Design where he consults directly with the full value chain of both the PV and 

curtain wall industries. Chris is a co-inventor on 3 solar technology patents as well 

as 3 pending patents. Chris holds a B.S. in Mechanical Engineering from the 

University of Colorado in Boulder.

ASA Management



The ASA Mission

The Architectural Solar Association (ASA) is an 

industry advocate for standards development, 

education, legislative regulations, building & 

energy codes and solar architecture design 

specification as they relate to integrating solar into 

architectural design.

We represent a growing industry with a common 

goal of transforming building facades and other 

architectural surfaces into generating assets.



ASA Goals

Standard Development

A lack of clear building standards are a major barrier 

to integrating solar architecturally.  By harmonizing 

the UL 1703 standard with IEC standards we will see 

changes that benefit the architectural solar market. 

Specific Architectural Solar standards also need to be 

developed.

Raise Awareness

There is currently a lack of industry relevant 

education for design professionals.  By empowering 

design professionals the industry will rapidly 

progress.  Product companies need to actively 

integrate with the design process through education 

and BIM content.

Building Industry Adoption

The global building industry and the solar industry 

have yet to fully integrate.  Solar needs to be a 

ubiquitous resource to all building professionals.  



Architectural Solar
Benefits

• Sustainability Awareness

• Increases distributed energy generation potential.

• Capable of serving multiple design intents.

• Visually & Functionally

• Capable of reducing cooling load through shading.

• Manufacturing and installation costs can be 
analyzed on an incremental level.



Why is the Market Ready for BIPV?

Compelling BIPV Economics

• Steep $/W cost reductions

• Competitive incremental cost

• Compelling payback

• Tax credits / Depreciation Savings 

• BIPV based incentives 

• Higher lease rates and valuation.

Trending Tail Winds

• Government BIPV Regulations 

• Net Zero Buildings

• Green Building Incentives

• Strong Desire for Sustainability



Overview

• Definition of BIPV & Architectural Solar

• Multi-Functional Attributes of Architectural Solar

• The Evolution of PV Software & BIPV

• Today’s & Tomorrow's BIPV Workflow

• The Lumina Case Study

• BIMSolar Overview and Lumina Example



Definition of BIPV per EN 50583

Building Integrated Photovoltaic modules (BIPV) are considered to be building–integrated, if the PV modules form 

a construction product providing a function as defined in the European Construction Product Regulation CPR 

305/2011.  Thus the BIPV module is a prerequisite for the integrity of the building’s functionality.  If the integrated 

PV module is dismounted, the PV module would have to be replaced by an appropriate construction product.  

Building Function

• Mechanical rigidity or structural integrity

• Primary weather impact protection: rain, snow, wind, hail

• Energy economy, such as shading, daylighting, thermal insulation

• Fire protection

• Noise protection

• Separation between indoor and outdoor environments

• Security, shelter or safety



BIPV / Architectural Solar
Solar Technologies with 
Architectural Significance



Architectural Solar Applications

Architectural Applications

Canopies

Architectural Structures

Window Awnings

Rainscreens

Balustrades

Sloped Glazing

Vertical Spandrel Glazing

Vertical Vision Glazing

Weather Barrier Shading

Messaging

Shading

Glare Control

Safety

Bird -Safe

Shading
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The Evolution of BIPV Software

Today’s BIPV Workflow
From CAD to Cost Analysis



Free

$

PV Analysis Only BIM PV & Thermal AnalysisPV & Building Thermal Analysis

BIPV Software Evolution

BIPV Software Research In Progress:

NRCAN is currently analyzing these 8 

BIPV capable software platforms and 

how they compare to a real world 

BIPV installation on the first Net-Zero 

Institutional building in Canada, the 

Varennes Public Library.

PVGIS

https://bigladdersoftware.com/projects/euclid/
https://www.openstudio.net/
http://www.velasolaris.com/english/home.html
https://sam.nrel.gov/
http://www.solemma.net/Diva.html
http://www.laplacesolar.com/photovoltaic-products/solar-pro-pv-simulation-design/
https://www.valentin-software.com/en/products/photovoltaics/57/pvsol-premium
http://www.pvsyst.com/en/
http://pvwatts.nrel.gov/
https://energyplus.net/
http://www.sisifo.info/
http://webdc-design.fr/bimsolar/en/bimsolar-4/
http://www.trnsys.com/
http://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP


Early Stage BIPV Feasibility Workflow (no shading)

Identify Technology 

Power Density (W/Area)

Multiply Values

Rough Building

Model 

Identify Best Energy 
Generating Surfaces

Calculate Area of Each 
Surface

Determine kWh/kW/yr

for each surface.

Enter 1 kW Convert to kW/Area

(divide by 1000)

Renewable Production 

Intensity (RPI)
kWh/Area/Yr

RPI x Area

Year 1 kWh Production

Financial Analysis

https://sam.nrel.gov/


Early Stage BIPV Feasibility Workflow (with shading)

Identify Technology 

Power Density (W/Area)

Multiply Values

RPI x Area

Year 1 kWh Production

Rough Building

Model 

Identify Best Energy 
Generating Surfaces

Calculate Area of Each 
Surface

Determine kWh/kW/yr

for each surface.

Convert to kW/Area

(divide by 1000)

Renewable Production 

Intensity (RPI)
kWh/Area/Yr

Import Near Shading 

Objects into SketchUp

Financial Analysis

https://sam.nrel.gov/


Tomorrow’s BIPV Workflow
Fully Integrated Analysis via 

Building Information Modeling (BIM)



High Priority Functionality

• PV Performance with Shading 

• EUI based Energy Offset Approximations

• Basic Financial Analysis 

• Multi-CAD platform BIM Integration

• Thermal Benefits

• Daylighting Impact

• Glare Hazard

Today

Future



The Lumina Case Study



Project Profile : Lumina

Location:   Denver, CO

Completed :   May 2015 

Floor Area:   107,361 sqft

Height:   5 Floors

Type:   Mixed Use Apmts

61 units

PV System:   20.75 kW Lumos LSX PV Screenwall

Building Owner:   TreeHouse Development

Architect:   Tres Birds Workshop

General Contractor:   JHL Constructors

PV Installer:   ARE Solar





System Overview

Southeast

1,034 sqft

13.5 kW

991 kWh/kW

13,621 kWh/yr

13.2 kWh/sqft/yr

Total

1560 sqft

20.5 kW

993 kWh/kW

20,358 kWh/yr

13.1 kWh/sqft/yr

216.4˚

126.4˚

Total Floor Area

107,361 sqft

N-0˚

S-180˚

E-90˚W-270˚

~1360 kWh/m2~1200 kWh/m2

Southwest

526 sqft

7 kW

962 kWh/kW

6,737 kWh/yr

12.8 kWh/sqft/yr

4 x 7

28 Panels

5 x 11

55

Panels



Solar Module

LSX 250  (Now 285 Watts)

Racking System

LSX Rail 1.0

Inverter – SMA

(3) Sunny Boy 6000TL-US-22 208V

Equipment Specifications



Mounting & Wiring Spec

Inv. 1

7 kW

Inv. 2

6.75 kW

Inv. 3

7 kW



Typical Clear Sky

Best Monthly Production : March

Peak Daily Performance: 92.4 kWh/day

11.68 kW

10:31 am Peak

Feb. 11 – Best Performance Day

Peak Daily Performance: 92.8 kWh/day

13.68 kW

10:34 am Peak

Lumina Production Data

216.4˚

126.4˚

N-0˚

S-180˚

E-90˚W-270˚
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Monthly Energy Production (kWh)

PVWatts 2015 2016 2017 2018 2 per. Mov. Avg. (PVWatts)

Total

YTD

20,897 kWh

+ 4.2%

PV Watts 

Estimate

Year 1

20,360 kWh

Note: Inverter down for March 2016 – Feb 2017.  New maintenance staff failed to alert the solar installer.

Lumina Production Data

0.5% Per Year 

Degradation 

De-rate

Year 3

20,056 kWh

All Time Total

53,570 kWh

Down 9%
(As of March 22)

Peak Month

March

Low 

Month

Dec.



$60/sqft

System Area

1560.6 sqft

($18/sqft)

$42/sqft



$23 $46 $69 $92 $115 $138$0$USD/sqft *

€Euro/sqm

Source: University of Applied Sciences and Arts of Southern Switzerland SUPSI Building Integrated Photovoltaics: Product overview for solar building skins   Status Report 2017

Data added by ASA – USD/sqft, Baseline Install Cost, Total Install Cost Metal Wall Cladding Estimate, Case Study Data Points

Metal Siding Estimate
(cold façade)

L

L L

*$1 Euro = $1.24 USD

Baseline Installation Cost Adder
$1.30/W
$17/sqft
€150/sqm

Material Cost

Installed Cost

$20/sqft

$60/sqft$38/sqft

SUPSI – Material Costs



$60 /ft2 or €521 /m2 - Installation Cost 

$40/ft2 or €347 /m2 ($3.01/watt) – Incremental Cost

Note:  Individual lines have been rounded then summed in USD, actual sum may differ

BIPV Incremental Installed Cost

- $20 /ft2 or €174 /m2 – Cold Façade Metal Cladding

- $18/ft2 or €157 /m2 ($1.36/watt) – Investment Tax Credit

$22/ft2 or €191/m2 ($1.65/watt) – Post ITC Incremental Cost

$34,267



Revised Expense

$34,267

~4.5 yr payback



The Evolution of BIPV Software

The Market Needs BIM + Solar

Architects & Engineers need a 

comprehensive platform to merge CAD 

modeling with PV Production & the 

countless multifunctional benefits of 
Architectural Solar.

Philippe Alamy
Co-Founder of EnerBIM

& 

Program Manager for BIMSolar



Thank you!

Christopher Klinga P.E.

Technical Director, ASA

Principal, SolMotiv Design

chris@archsolar.org

Architectural Solar Association

PO Box 1574 Boulder, CO 80304

Thank you to the 
following companies for 
all their great images!


