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In 2011, my company held a design contest, where we asked designers to dream up
the hospital of the future. We narrowed the submissions down to three finalists. The
finalists put together full-blown proposals.

All three of the finalists proposed net zero hospitals. All three of them said the
hospital of the future would be a net zero building.

My boss, at the time, told me “you better get out in front of this net-zero hospital
thing. They all talked about net zero hospitals. Our leadership loved it. It’s totally
lined up with our brand, and our public image. So, this is coming.”

He says “Go find out where all the net zero buildings are, and see how they’re doing
it.”
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Building energy is in units of EUI. EUI stands for “energy use index” or “energy use
intensity”, either. It is in kbtu/sf/yr.
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When the energy gurus talk about “net zero”, they use a target EUIl range of 20-45
kbtu/sf/yeer.
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Those net zero hospital proposals | told you about were a little higher. They were
about 65-100.
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* Ok, here’s the national average US hospital.
* And, here’s my average (KP hospitals). OK, so far this looks scary, right?

Clearly, the most energy is in HYAC. We can save energy in lighting systems, or
medical equipment loads. Those are great. But, HVAC is the big one.

OR are kind of a red herring, too, BTW. ORs use a lot of energy. But, they don’t make
up much footprint of one of our hospitals. We could cut our OR energy in half and
only move this by 5%.

So, we need to talk about HVAC. And, its almost, like, not a discussion about details.
Its more like our general approach to HVAC.
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This the average US office building from the early 1970s. You’'re like: “OK. That’s
random. Why is he showing me an office building from the 70s?”

Well, that’s before we had energy standards. The first US building energy standard
was ASHRAE Standard 90. It came out in 1976.
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Here’s the average US office building from 2002.

60% reduction energy. 70% reduction in HVAC. 75% reduction in the heating.
Remember that. We're going to talk about that.
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Here’s some recent stuff. These are Medical Office Buildings (MOB- | call medical
office buildings MOBs), we’ve been doing. And, we’re getting closer and closer.
Kaiser will have a net zero capable or net-zero MOB in the next few years.

But, the hospitals are way off.



Healthcare HVAC Fundai

So, we’ need to talk about the general approach to HVAC in health care. Let’s hit this
topic head-on. So, I’'m going to show you two sets of slides, here: “The Facts” and
“The Myths”.

Here’s my guarantee: You’ll see a slide in the next 15 minutes that either teaches you
something you never knew, or upsets you - because its totally opposite to something
you believe. One or the other, in the next 15 minutes, or your money back!!

10
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First, the facts:

To deal with Tuberculosis and the other (quote) “truly airborne” diseases, we isolate
patients into dedicated rooms. They have negative pressurization, and 100% exhaust.
They are discreet spaces. They’re called Airborne Isolation Rooms.
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Protective Environments (PEs) for severely immunocompromised patients. This is my
niece, Ashley, she had a double lung transplant! During recovery, the slightest fungal
contamination could have killed her. So, she’s in a clean room with HEPA filters and
positive pressure in this photo. We call that a “protective environments”.

12
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Construction dust can be a source of those fungal spores (e.g. aspergillis). This can be
a big risk, particularly if Ashley’s Protective Room is next door. So, we do an Infection
Control Risk Assessment (ICRA) on every project. And, we deploy construction
practices, like air barriers and pressure controls, to reduce risks.
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Clean air in ORs has been correlated to a reduced Surgical Site Infection rate. We call
that “SSI”. The effect was demonstrated in longer, joint-replacement procedures back
in the mid 80s. Most of us believe it scales to other surgical procedures.
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We also use clean air systems in sterile areas, like sterile processing and
compounding pharmacies. | can’t show you a specific study here. There’s not really
direct evidence for every aspect of sterile process design. But, clean air is part of the
“budndle” of risk mitigation measures we do.
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UV light, and other technologies like UV work. The UV people would love for me to
say we should use these everywhere. I’'m not going to say that; | don’t believe that.
There are case studies showing these made a difference.
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Finally, “Droplet Diseases” are different from “Airborne Diseases”. Molecules 50um
and bigger settle out of air and land on surfaces, within 10-15 feet of the source.
Influenza is one of those “large” molecules. If I'm standing up here coughing out
influenza, and you’re in the first two rows, you’re screwed. But, if you’re in the back
of the room, you’re OK, just don’t come up and touch me. And, from everything I've
read to date, there’s no way to configure these diffusers to protect you guys in the
front row.

17



Healthcare HVAC Fundar

Now, let’s review some of the myths. | need to want to introduce this list by saying
that | believed just about all of these, three or four years ago.

18
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The ventilation rates we use are “normal”. That might be true, if you were using
water source heat pumps or fan coils. But, over 85% of hospitals have central air

systems. So, these rates are minimums — you use them every hour of the year. We
over-ventilating most of our spaces most of the time. And, our outside air rates are

much higher than everyone else’s.

19
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100% outside air, or 100% exhaust. In the US, this is less popular. It’s very popularin
England. I've had British engineers tell me they would never do return airin a
hospital. So, we sometimes hear it in the US- someone will say “its better” to use
100% OA. But, lots of modern US hospitals use return air; it’s totally fine. There was
research on this topic in the 1980s. It pretty well debunked this one.

20



Myth 3: Every space
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All spaces need to protect against airborne diseases. Not true. Today, we have
isolation rooms. Those really became standard practice in the 1990s, by the way.
Also, 5 years ago, | would have guessed there were hundreds, or thousands, of
airborne diseases. It turns out, and | mentioned before, there’s only a few (quote)
“truly airborne” diseases: tuberculosis, smallpox, chickenpox, measles, mumps, and
rubella. I've already had chickenpox, and | have all my immunizations. So, the only
one I’'m susceptible to is TB. There’s 10,000 cases of TB in the US every year. Now,
sometimes we hear someone say something like “the next, undiscovered, airborne
pandemic disease could walk into your building tomorrow”. And, that statement is
true. But, it’s true with a probability of 1 times ten to the minus 10 or so. So, when
you’re doing risk management for very low probability events, you have to be careful
about spending money. If you bet $1 on that, you’re going to lose that $1 ten billion
times before you get a hit. At our Fontana hospital, we have a pandemic contingency
plan. There is a portion of the parking lot designated for the CDC to set up their
tents. And, the annual cost of that is about right. (Gesture zero)

21
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Everything we do in hospital HVAC is related to infections. Is anyone in here a
hospital design engineer? This idea is popular among HVAC engineers, but not
everyone else. We did this survey in 2013 of HVAC design engineers. About 40% said
the reason we use air changes is to prevent infections. | believe that comes from
good intentions by us HVAC people. It also comes from repetition: about 3 times a
year, there’s an article in the HVAC trade journals about health care HVAC. And it
open with a paragraph about Hospital Acquired Infections (HAI).

22
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Now, if you ask someone who's not an HVAC engineer, like an epidemiologist, “what
are the Top5 ways to prevent a catheter infection”, HVAC won’t be in the Top 5. For
Surgical site infections (SSI). Sure. We already talked about that. But, for these other
major categories of infections — bloodstream infections, catheter infections, MERSA
or C.Dif —HVAC isn’t in the Top 5, or the Top 10. In fact, and don’t let this hurt your
ego, HVAC doesn’t even make the top 50 things to do to prevent a catheter infection.
It really doesn’t make the list at all.
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Temperatures, humidity, and bacterial growth. True story: We had an inspector visit a
facility on a low humidity morning. She found spaces below the code range. She
declared it a threat to life, and issued a 24 hour notice to correct, or else shut down
that part of the facility. Most of us, on my side of table, felt that was extreme. But, |
can also totally empathize with her. Again, read the HVAC trade literature of the last
10 years. We say over and over and over how important humidity is. And, there’s
some truth to this. This graphic is called “Sterling chart”. Has everyone seen this
before? You can find it in the sales literature of every humidifier manufacturer,
everywhere. And, look, if you have 80% humidity in your building for a 6 months,
you've got risks! But, if you’re humidity falls from 30% to 25% for a couple days, is
that a threat to life? There’s really no evidence to support that.

24



Myth 6: Filters, Fil
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Filters, Filters, Everywhere! 50 years ago, most hospitals had operable windows and
natural ventilation. In a lot of the world today, that’s still very common. We started
using filters in the ‘60s as they became available.
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And, we keep learning more and more about what’s in our air, outside and inside.
But, when | look at this graphic, I’'m thinking oh my god, there’s horrifying things in
the air; Get it all out!! Or, for God’s sake, don’t go outside. And, that’s kind of what’s
happened. Natural ventilation has gone away. And, we keep upping the game on
filters. Now we use pre and final filters. When | did design, | always put pre and final
filters in hospitals, right? In Europe, they think we’re batty. They use natural

ventilation every day. They put filters in their AC units, to protect the coil and all that.

But, they don’t insist on two stages of filters everywhere.

26
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OK. Let’s go back to energy. | want to talk about MOBs.
These are all Kaiser MOBs. The names have been changed to protect the innocent.
This is a sample. We have 200 MOBs, I’'m only showing 20 here. But, look at the

energy signatures. What you’re seeing here is this group of MOBs that look a lot like

office buildings, and this group that look a lot like hospitals.

We found this phenomenon about 4 years ago. First we thought it might be certain
departments or services. But, Nope. If you look at the asset reports for these
facilities, you find the clue to what’s going on.

You'd find (wait for it) Return ducts.
Confused?

Well, allow me to explain.

27



TABLE 7.1 Design Parameters
All Roo:
ool S o d:'"‘::':p o Minimam  Minimom a:_t‘uh“::r ":‘}“"‘;‘::::"L"d I:::.:\“e Design Temperatud
Adjacent Aress (n) OUidoor sch  Total ach el Room Units (a)  HemidRy (X), FPC
1o Dutdoors () L
SURGERY AND CRITICAL CARE
Operating room (Class B and C) (m, (m), (o) Positive 4 20 NR No 2060 68-7520-24
Operating surgical cystoscopic mooms, (m), (n (o) Positive 4 2 NR No 2060 68752024
Delivery room (Cacsarcan} im, (R), (0} Positive 4 20 NR No 20-60 68-T520-24
Substerile service arca NR 2 L NR N NR KR
Recovery room NR 2 6 NR No 20 60 70-7521-24
Critical and intensive care NR 2 6 NR No 3060 70-7521-24
Indermediate cafe i3} NR 2 6 NR NR max 60 70-7521-24
Wound intenisive cane {bum unit} NR 2 6 NE No 4060 70-7521-24
Newbom intensive care Positive 2 b NR No M-60 T1-T822-26
Treatment Foom (p) NR 2 L] NR NR 2060 70-7521-24
Transma room (crisis o shock) (¢) Positive 3 15 NR No 2060 T0-7521-24
Medical anesthesia gas dofage (1) Negative NR  § Yes NR NR NR
Laser cye room Positive 1 (1 NR No 2060 T0-T521-24
ER waiting rooms Negative 2 n Yesiq NR max 68 T0-7521-24
Triage Negative 2 12 Yesigh NR 60 70-7521-M
ER decontamination Negative 1”2 Yes No NR NR
Radiology waiting rooms Negative 2 ¥ Yes (g, (w) NR max 60 T0-7521-24
Procedure mom (Class A surgery) (), (d) Positive 3 is NR Mo 2060 70-7821-24
Emerpency depantiment cxam teatment room (ph NR 2 L NR NR max 6 70-7521-24
INPATIENT NURSING
Patient room NR 2 4iy) NR NR max 60 70-75721-24
Noarishment area of room NR NR 2 NR NR NR NR
Todlet room Negative KR 1] Yes No NR NR
Newr: NR - mo ey

When we design hospitals, we use this air change table. This is the national one, in
California its Table 4-A. Its really big on air balance. It has specific air minimums, and
pressure requirements for a lot of the rooms. To get that balance, you want return
ducts.

But, when you do a commercial building, we don’t do this. We balance the systems
at peak supply, and you balance the exhaust. But, the system is more dynamic. And,
when balance is dynamic, we use the space above the ceiling as a return plenum.
That also saves money, BTW.

28



Energy crisis

ASHRAE

JOUuRNAL

™
waser pERMANENTE. thrive

29

I’'m going to circle back to that 1976 energy standard. See, prior to 1976, a lot of
central systems were constant volume.

29
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Here’s that system. You have a central air system, over here, where you cool all the
air down to a nice cold temperature. But, out in the rooms, here, you don’t always
need all that cold air. So, at each room, you put in a heating coil, to re-heat the air

back up. We call that terminal reheat.

Now, this works. You balance all the air just right, and it works great! But, it happens
to use a ton of energy. Most of that heating energy has nothing to do with the
temperature outside.
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So the energy codes banned this practice. But, they banned it in a clever way. You

had to add VAV controls. Reduce the air to 30% of the peak, prior to heating it.
We call that “30% VAV”. In the modern energy codes, its more like 10% VAV.

31
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And, once you start doing VAV supply air, its real common to get rid of those return
ducts, let the return air just float back to the
system.
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And, just to flash this slide back up - this worked. From the 1970s to today, we’ve
seen that 60% reduction in energy. And, the biggest savings we’ve seen is heating
energy.

But, hospital ventilation systems have always been exempted from the energy
standards. We still use that terminal reheat system. Sometimes we use VAV, but its
not 30% VAV. We only dial back the air about 20%. So, its more like 80% VAV.
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So, back to these MOBs. Here’s the story, as near as | can tell: The design engineers,
here, followed the air change table. And, they kind of did the right thing. The
national guidelines say you should use the air change table for all health care
buildings.

The engineers down here weren’t doing that. They used the codes and standards for
commercial buildings.

These buildings cost less, and use less energy. These buildings cost more, and use
more energy.

So, Is it worth it? Same services. Do we get better outcomes in these buildings? Or,
conversely, is this ok? Do we get employee complaints in these?

And, the answer is: they’re both fine. The people in the buildings don’t know the
difference.

There are engineers who believe this is wrong. | know a consultant, works down the
street from Kaiser Headquarters. Smart guy. Good engineer. You could call him
today, and he’ll tell you return air plenums are bad; “you can’t balance the system,
you can’t maintain pressures”; he’ll tell you disaster is imminent.
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But, the moral of the story: If you want to save energy, don’t use the air change table
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KP HVAC Stand

» Follow local laws and regulations

» Apply appropriate air controls in Operating

Spaces or Isolation Spaces

* Apply Standards of Care for Indoor Air Quality

(IAQ) and Comfort
— ANSI/ASHRAE 62.1, OSHA, NIOSH, ANSI/ASHRAE 55

— IMC: 15-25 cfm per person
— Energy Codes: 30% Minimum VAV for Reheat

™
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We made this an official decision. Our architects and engineers are not to use the air
change table unless they are specifically required to by law.

| remember the first engineer who was really uncomfortable with this. My
engineering team reviews energy models on our projects. And, it stands out like a
sore thumb. You take one look at the energy model... “he’s using air changes”. So,
my guy tells this guy, “take out the air changes and re-run the model”. And, this
engineer said “no”. He goes: “Listen, those air changes are standard of care. | can’t
ignore those, that’d be unethical”. So, our project manager calls me, pissed off, says:
listen, gimme a recommendation for a new engineer out here; | gotta fire this guy.
And, its gonna cost me a month of my schedule.

Hold on. (Motion) We got on the phone with this engineer. We finally struck a deal.
| told him, listen, I'll send you a letter on our letterhead, with my signature,
specifically telling you “use the other code”. Now, | don’t know if that guy ever got
comfortable with the idea. But, | do know he got to finish the project.

We’ve had that discussion, three or four times, with engineers and architects.
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TABLE 7.1 Design Parameters
All Roo: i
ool S Hd::]:::’l::p o Minimam  Minimom ‘i!fnm':::i" ":‘!":I‘:::‘:":'d ;:::?:1: Design Temperatug
Adjacent Areas (n) Outdoor ach  Total ach Directly Rowm Units (o  Emidity (&), oF R
1o Dutdoors () %%
SURCERY AND CRITICAL CARE
Operating room (Class B and C) im, {m), (o) Positive 4 20 NR No 2060 68.7520-24
Operating 'surgical cystoscopic rooms, (m), (n) (o) Positive 4 20 NR No 2060 H8-T520-24
Delivery room (Cacsarcan} im, (R), (0} Positive 4 20 NR No 206 68-T520-24
Substerile service anea NR 2 L NR No NR NR
Recovery room NR 2 6 NR No 2060 70-7521-24
Critical and intensive cafe NR 2 6 NR No -60 T0-T521-24
Indermediate cafe (3) NR 2 L NR NR max &0 70-7521-24
Wound interesive care (burm unit) NR 2 L NR No 4060 70-7521-24
Newbom intensive care Positive 2 b NR No M-60 T1-T822-26
Treatment room (p) NR 2 L] NR NR 2060 70-7521-24
Trauma room (crisis of shock) (¢} Positive 3 15 NR No 2060 70-7821-24
Modical/ anesihesia gas sofage (f) Negative NR L Yes NR NR NR
Laser ve room Positive 1 15 NR Mo 2060 T0-T521-24
ER waiting rooms Negative 2 12 Yes (q) NR max 65 70-7521-24
Triage Negative 2 12 Yaig NR max 60 70.7521-24
ER decontamination Nepative 2 1”2 Yes No NR NR
Radiology waiting rooms Negative 2 ¥ Yes (g, (w) NR max 60 T0-7521-24
Procedure mom (Class A surgery) (), (d) Positive 3 15 NR Mo 2060 70-7821-24
Emergency depanment exam treatment room (ph NR 2 L NR NR max 60 T0-7521-24
INPATIENT NURSING
Patient room NR 2 4iy) NR NR max &0 70-75721-24
Nourishmen! area of foom NR NR 2 NR NR NR NR
Toilet room Negative KR 1] Yes No NR NR
L —

But, what about hospitals? Can we stop using air changes there, too??

Well. No. No. Because it’s the law. In our buildings and in our practice, first and
foremost, we will obey the law. But, I'm talking longer term here. I'm talking about
changing the law.

Towards the end of 2013, | started researching like crazy. | pulled materials from our
clinical library, | went the university library, | pored through the scientific databases. |
put together this 20-page paper. My wife called it my “manifesto”. | sent a draft of it
to our regional director of infection control and quality. She reads it for me. | drive
up to Pasadena and meet with her. And, | told her: “listen, I’'m scared. What | see
here is like the emperor isn’t wearing any clothes. If I’'m wrong, you need to tell me.”
And, we talked it over, she kind of smiled and said “You Go get ‘em, Kiddo!” She
called me “kiddo”. | remember that.



TABLE 7.1 Design Parameters
o0
Function of Space lld.:'::rl::p = Minimum AMintmum A:“:L\:l:r “;}“::‘::‘;f RI::I::: Desizn lc'n?perxlm
Adjacent Areas (n) Outdoor ach  Total ach Directly Rowm Units (o  Emidity (&), SFRC
1o Outdoors {J) %
SURGERY AND CRITICAL CARE
Operating room (Class B and C) (m), (A}, (0} Positive 4 20 NR No 20-60 68752024
Operating surgical cystoscopic rooms, (m), (0} (0) Positive 4 i NR No 2060 68-7520-24
Delivery room (Cacsarcan} im, (R), (0} Positive 4 20 NR No 20-60 68-T520-24
Substerile service atea NR 2 L NR N NR KR
Recovery room NR 2 L] NR Mo 2060 70-7521-24
Critical and intensive care NR 2 6 NR No -60 T0-T521-24
Intermeduate care (3} NR 2 L3 NR NR max &0 M0-7521-M4
Wound intenisive cane {bum unit} NR 2 6 NR No 40 60 70-7521-24
Newbom intensive care Positive 2 b NR No 30-60 T1-T822-26
Treatment rooem (p) NR 2 & NR NR 20-60 70-7521-24
Transma room (crisis o shock) (¢) Positive 3 15 NR No 2060 T0-7521-24
Modical/ anesihesia gas sofage (f) Negative NR ] Yes NR NR NR
Laser cye room Positive 1 15 NR No 2060 T0-T521-24
ER waiting rooms Negative 2 n Yesig NR max 65 T0-7521-24
Triage Negative 2 F) Yes (qi NR max 60 70-75721-24
ER decontamination Negative 1”2 Yes No NR NR
Radickogy waiting fooms Negative 2 i Yes (Q). (w) NR max 60 70-7521-24
Procedure room ( Class A surgery) (o), (d) Positive 3 15 NR Mo 2060 70-7521-M4
Emerpency depantiment cxam teatment room (ph NR 2 L NR NR max 6 70-7521-24
INPATIENT NURSING
Pathent room NR 2 4iy) NR NR max 60 70-75721-24
Noarishment area of room NR NR 2 NR NR NR NR
Todlet room Negative KR [1] Yes No NR NR
L —

I’'m going to tell you a story from that research. We have this number, 2 ACH. It’s the
most common number in the table. It’s our outside air ventilation number. We use it
for most spaces.

| tracked this number through history. It was in the code in the 1970s, it was there in
the 60s. | found it in the 40s. the 20s, and the 1910s. | kept going back.

And, finally, the earliest reference | found is this one....
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. BI"IngS, 1893[3] London
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It comes from the 1870s.

So, | call 2 ACH “the horse and buggy number”. It predates the light bulb, the car, for
sure, and most of the railroads.

Let me tell what it was like to be in hospital prior to the 1870s. Patients were in
wards, often unventilated, lit by candles or oil burning lamps. They did not bathe
often. They didn't have bathrooms. You’d do your business in a bedpan, put it under
your bed, and wait for nurse to come around and empty the bedpans. So wards had
this horrible smell and hygiene problem. Famously pointed out by Florence
Nightingale. So, starting in 1870s and 1880s, architects started putting in ventilation.
They put in enough window area to (and | quote) “exchange the volume of air twice
per hour”. So, you'll find that number, 2 ACH, in the architectural literature of 140
years ago. We're still using it today.

(Pause).

I’'m going to repeat that. You'll find that number, 2 ACH, in the architectural literature
of 140 years ago. We're still using it today.
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Look. We can do better than this. My people. HVAC engineers. We can do better
than this. Because, while we’ve been using this number for the last 140 years, HVAC
engineering has made tons of progress.

In ventilation, we have the ventilation rate procedure, we’re on like the third
iteration. We have design tools for different occupant types, occupant diversity, and
different contamination sources. We know how ventilation effectiveness varies for
different diffuser types, different seasons, and different system fractions. We’ve got
TLVs PELs OELs. We have target concentration values for thousands of individual

chemicals in air.

That’s 50 years of knowledge. None of that is in the 2 ACH number.
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FIXED VS. DEMAND CONTROL VENTILATION

FREEGERENE

We’ve had demand control ventilation (DCV) technology for 20 years. We can
measure air quality by proxy, and put ventilation where its needed, and when its
needed. We do this in classrooms, dining rooms, and meeting rooms. Every movie
theatre built in California since 2001 uses this technology. And, its not just CO2. Our
new lab building has a multi-variable, real-time air quality control system. It controls
contaminant levels in the building, and it also modulates the exhaust discharge,
based on the wind speed. It’s amazing.

In hospitals, this is literally illegal.
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Comfort has been a big area of research in the last 40 years. Fanger set up the model
in the 70’s. But, since the green buildings movement took off, there have been
hundreds - thousands - of thermal comfort studies, including in hospitals. Today, we
have an algorithm to predicts the “percent of people dissatisfied” and the “predicted
mean vote” of a population. We call it PPD/PMV. We’ve more-or-less standardized

the comfort survey process. So, when researchers collect survey comfort, they can
compare it to the all the other studies.
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That survey form is used internationally. So, we’re seeing correlated data on thermal
comfort from all over the world. Then, we’ve incorporated those algorithms into CFD
modeling tools. So, we can do comfort predictions, during design, in virtual buildings.

Then, my favorite is the web-tool. It works in a standard browser window. So, I've sat
there and run comfort scenarios on my iPad on an airplane. But, in health care, we
don’t use any of this.
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TABLE 7.1 Design Parameters
S S '“'“:':p o Minimam  Minimom A:!:::::r ";;"':“:::":;“ Rl)r::::‘r Design Temperatug
Adjacent Arvas(n) OUI0O Sch  Total ach Directly Rowm Units (o  Emidity (&), FPC
1o Dutdoors () L
SURGERY AND CRITICAL CARE
Operating room (Class B and C) (m), (A}, (0} Positive 4 20 NR No 20-60 68752024
Operating sungical cystoscopic rooms, (m), (n) (o) Positive 4 20 NR No 2060 68-75720-24
Delivery room (Cacsarcan} im, (R), (0} Positive 4 20 NR No 20-60 68 752024
Substerile service arca NR 2 6 NR N NR KR
Recovery room NR 2 6 NR No 2060 70-7821-24
Critical and intensive care NR 2 6 NR No M0-60
Intermediate cane (s) NR 2 L NR NR max &0
Wound intensive care (bum unit) NR 2 @ NR No 4060
Newbom intensive care Positive 2 b NR No 30-60
Treatment Foom (p) NR 2 L] NR NR 2060
Trauma room (crisis of shock) () Positive 3 15 NR No 2060
Meodical anesthesia gas sdorage (1) Negative NR ] Yes NR NR NR
Laser cye room Positive 1 15 NR Mo 2060 0-7521-24
ER waiting rooms Negative 2 12 Yesiq NR max 68 T0-7521-24
Triage Negative 2 F) Yes (g NR max 60 70-75721-24
ER decontamination Negative 2 12 Yes No NE NR
Radiclogy waiting rooms Negative 2 ¥} Yes (Q), (w) N max 60 T0-7521-24
Procedure room (Class A surgery) (o), (d) Positive 1 15 NR Mo 2060 70782124
Emergency deparment cxam treatment room (ph NR 2 L3 NR NR max 60 70-7521-24
INPATIENT NURSING
Patieni room NR 2 4iy) NR NR max 60 70-75721-24
Noarishment area of room NR NR 2 NR NR NR NR
Todlet room Negative KR 1] Yes Mo NR NR
L —

Instead, we have a table of temperatures, that we wrote into the code 40 years ago,
before any of the research was done. And, no. They don’t match. | checked.

My thing is: We literally don’t need this table. We have a whole modern design
toolkit for HVAC, and we’re using this instead.



Hospital HVAC engineers: Imagine that this table were gone - tomorrow. Not only
gone from the code, but all previous versions erased.
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And, | come to you tomorrow. And, | want to hire you for this project. It’s a patient
floor. Staff’s in the middle. There’s an isolation room up in the corner. Without that
table, could you design an HVAC system to keep these spaces comfortable, control
odors, have good air quality, and keep the air in that isolation room separated?

Yea. Of course you could.

Could you also make it low energy? net zero? | think you could.
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TABLE 7.1 Design Parameters
o0 i
S S "d:":::':p o Minimam  Minimom ‘Efm\::.:i" ":‘!":":::‘l":" I.It::'ﬂ?e Design Temperaud
Adjacent Arcas in) Ouidoor sk Total ach Dirvedly Reom Units ja) amidity (), E
1o Outdoors () ke
SURGERY AND CRITICAL CARE
Operating room (Class B and C) (im0, (m), (0} Positive 4 20 NR Nov 20-60 68-75720-28
Operating surgical Cystoscopic fooms, (m), (R} (0) Positive 4 20 NE No 20 60 68752024
Delivery room (Cacsarcan} im, (R), (0} Positive 4 20 NR No 68 20-24
Substerile service area NR 2 (3 NR No NR NR
Recovery room NR 2 6 NR No 2060
Critical and intensive care NR 2 6 NR No M0-60
Indermeduate cate (3} NR 2 L3 NR NR max &0
Wound intensive care (bum unit NR 2 [ NR No 4060
Newbom intensive care Positive 2 3 NR No M- 60
Treatment room (p) NR 2 L] NR NR 2060
Transma room (crisis of shock) () Positive 3 15 NR No 2060
Modical/ anesihesia gas sofage (f) Negative NR L Yes NR NR NR
Laser cye room Positive 1 15 NR No 2060 T0-7521-2%
ER waiting rooms Negative 2 12 Yesiq NR max 65 T0-7521-24
Triage Negative 2 12 Yaig NR max 60 70-7521-M
ER decontamination Nepative 2 1”2 Yes No NR NR
Radiology waiting rooms Negative 2 (P Yes (Q), (w) N man 60 T0-7521-24
Procedure room (Class A surgery) (o), (d) Positive 3 15 NR Mo
Emergency depanment exam reatment room iph NR 2 L] NR NR max &0 70-7521-24
INPATIENT NURSING
Patient room NR 2 49 NR NR max 60 70-75721-24
Nourishmen! area of foom NR NR 2 NR NR NR NR
Todlet room Negalive NR 10 Yes Mo NR NR
[P —

How can get some new ideas flowing? Well, first you need to understand how
powerful some of this mythology is.

I'll never forget. | was in Seattle. I'd just explained to a committee the story | told you
about our MOBs, how we don’t use air changes. And, one guy looks me square in the
eyes, and he goes: “Well, Travis, how many people are you willing to KILL??”

(Gesture) OK, the answer is none. If there was the slightest chance in a million years
of that, | wouldn’t be talking about it. But, he was serious.

That’s not even the most extreme one. | had another guy tell me: “We do 6 ACH in
patient rooms. Before we reduce that to some other number, we need proof, beyond
all doubt, that it’ll be safe for patients.” And he goes: “If you play around with
airflows without the research, that’s doing human experimentation.”

Human experimentation. He was serious.

Now, the funny thing is —I think its funny; he don’t think its funny at all - they
changed it to 4 ACH, like, six months later. No research.
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Table 1: Selected Space Requirments (Source: 2013 California Mechanical Code. Table 4a)

Recirculating Systems

C: Minimum Air Changes D: Mininum Air Changes Of E: Minirum Total Air Changes
A: Area Designations If 100%; OSA Outdoor Air Per Hour

Operating room, cardiac

b lab and cy P 12 5 20
Delivery room, cesarean operatmg
room 5 20
Operatng room 5 20
Trauma Room (3) 20
Pauent Room ]
Adnunistrative 4
Labor/delivery/recovery room 6

Angiograph room
Pharmacy/medicine room

= =

Soiled wotkroom (utility room)

Clean workroom

L I R T R - I I ]
o

Staff sleep rooms
Lactation

Observaton/ sechision room

- - - -

[ C

Speech therapy/audiology room

The other funny thing is in California, our code_says you can go down to 2 ACH in
patient rooms if you have 100% outside air. That’s been in the code my whole career.
| was using that as a young designer, long before read any of this stuff. Since then,
I've learned that 100% outside air is a myth, but this is still in the code. People are
using it. It that human experimentation? No. its not.

Here’s the thing. If health care ventilation had only ever been done one way, those
guys would be right. I'd agree with them.

But, it’s not true. There’s not only one way. It’s not even true in the Inland Empire,
let alone California, the county, or the world. I've walked hospitals built in the late

70s where they grandfathered in old mechanical systems. You can put patients there.

It’s not a human experiment. Nobody’s being hurt by the air conditioning.
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The easiest way to get perspective on US health care ventilation is to look around the
world. They do things different.

I've read health care ventilation stuff from the UK, Germany, Spain, and Canada, a
little bit from Australia, Latin America, and Japan.

Sometimes, the contrasts are downright shocking.

We talked about humidity: Well, Germany doesn’t print a minimum humidity
requirement in their ORs! In England, they tell you not to use humidifiers. They say
“humidifiers create too much risk”, which | totally agree with for SCAL, BTW.

Here’s another one: In Germany and Japan, they use natural ventilation in outpatient
surgery rooms! Yea! As a US engineer, the first time | read that, it was, like,
horrifying.
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Actually, natural ventilation is a good way to compare standards.

In the US, we require filters everywhere. The WHO standards allow NV everywhere,
for economic reasons. If you can afford filtered air, put it in your ORs and protective
environments.

The German standard and the British standard, encourage natural ventilation quite a
bit. And those are full-blown HVAC standards. They includes ORs, isolation rooms,
and protective environments. Its not like they’re missing something.

The biggest contrast is this bottom line, here. the “number of regulated rooms”. We
regulate more spaces than anyone — except Canada; they’re worse!

But, a lot of those “regulated rooms” are restrooms, janitor rooms, corridors, and
dining areas — we don’t need those. A janitors’ closet in a hospital is no different
from a janitors’ closet anywhere else. So, just use the “normal” code, right? A lot of
the international standards take that approach. They put “special” requirements in a
lot fewer spaces.
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» Clear and transparent identification of
clinical effects.

« Sound basis in indoor air quality

* Sound basis in thermal comfort
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Code reform doesn’t need to take a long time. What we really need are options.
And, | believe we can build a new health care HVAC standard, entirely by plagiarism.
Just need to pull together ideas from different sources. This is the outline that I've
suggested:

e A clear and transparent identification of clinical intents. This is super important,
because there’s so much mythology. Half this presentation was about mythology.
We need to clean that up.

* And, then everything else should use, the very best HVAC tools and practices.

Comfort, IAQ. | firmly believe it hurts us to be outside the sphere of the
“mainstream” engineering knowledge.
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Does anyone know what these are? These are air quality measuring devices.

See —when we put ventilation rates in our codes, standards, or engineering
textbooks, those are our best guess at how much ventilation we need in most cases,
to get air quality. And, in the 1870s, when 2 ACH was our best guess, we didn’t have
this technology. In the 1970s, when 20 cfm per person was our best guess, this
technology was pretty sparse. In the 1990s, when S62 re-wrote our best guess, this
technology was still pretty elite. But, today? Why guess?

We talk a lot about positive pressure, right? In one of our facilities, we had an
inspection go wrong, and now we’re monitoring positive pressure in each of a dozen
procedure rooms, every day. And, keep telling anyone who’ll listen: positive pressure
doesn’t mean the room air is clean. You can have positive pressure and still have
dirty air in the room. And, you can have a room with perfectly clean air under slightly
negative pressure. That particle counter up there can take a sample of the air and tell
you, in 30 seconds, how clean the air is.

We’re spending $2 million in energy per year ventilating our average % million sf
hospital. | could hire a professional hygenist, with these tools, to run an air quality
program on the building, for 1/10t of that. And, if | did that, | could drop those
ventilation rates down to whatever level works, solve whatever air quality problems |
have based on real data, so that my environment is safe and | know it, plus, I'll save a
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million or two in energy, and save the planet at the same time.
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Since 2012, my group has tried to change the public discourse. You see me giving a
lot or presentations. We submit proposals to the code groups every 6 months. So
far, they’re rejecting all of it. But, we’re trying to work with them.
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There have been a few examples of net-zero, or near net-zero, hospitals. But, frankly,
they didn’t eat their vegetables. They’ve invested in large scale renewable energy.
Nobody’s been able to deeply reduce consumption.

In MOBs, we’re making great progress. Our MOBs should be net zero ready by 2025,
same as everyone else.

To really move the needle on hospitals, we have to address HVAC, with a new HVAC
toolkit. That’ll open the door to much lower consumption, net zero hospitals, a much
more sustainable health care building sector.
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